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Description 

Technical Field 

5 [0001] The present invention relates to methods for producing polypeptides by regulating the intramolecular or inter- 
molecular association of each molecule, polypeptides whose intramolecular or intermolecular association is regulated, 
and pharmaceutical compositions and the like containing such polypeptides as an active ingredient. 

Background Art 

10 

[0002] Due to their highly stable nature in blood and relatively few side effects, antibodies have been receiving much 
attention as pharmaceuticals. Of particular note are bispecific antibodies that can simultaneously recognize two types 
of antigens. MDX-21 0, which is currently under clinical trial investigation, is an IgG-type bispecific antibody that retargets 
FcyRI-expressing monocytes and such to HER-2/neu-expressing cancer cells (see Non-Patent Document 1 ). In general, 

15 antibodies are produced using genetic recombination techniques. One specific technique involves the cloning of a DNA 
encoding an antibody protein from antibody-producing cells, such as hybridomas or sensitized lymphocytes that produce 
antibodies or a phage library presenting antibody genes, and the insertion of such into a suitable vector, which is then 
transfected into host cells for antibody production. Production of IgG type bispecific antibodies using genetic recombi- 
nation techniques involves the introduction of a total of four types of genes into cells, in which these genes of H chains 

20 and L chains constitute two types of IgGs of interest, and the secretion of the antibodies by coexpression. In this type 
of system, expression of the wild type H chains and L chains constituting genes leads to random covalent bonding 
between two types of H chains and non-covalent bonding between H and L chains, and thus, the proportion of the 
bispecific antibody of interest becomes very small. More particularly, only one out of ten types produced is the bispecific 
antibody of interest, rendering the production efficiency quite low. Decreased efficiency in the production of the antibody 

25 of interest is not only an obstacle for purifying the antibody of interest, but also increases the nonuniformity, such as the 
lot-to-lot differences, which, in turn, leads to swelling production costs. 

[0003] Preferential secretion of IgGs with a heterologous combination of H chains by introducing amino acid substi- 
tutions into the IgG H chain CH3 region has been reported as a means to improve the efficiency of bispecific antibody 
production (see Patent Document 1 and Non-Patent Documents 2 and 3). This method involves induction of promotion 

30 of heterologous H chain formation and inhibition of homogeneous H chain formation by substituting an amino acid side 
chain present in the CH3 region of one of the H chains to a larger side chain (knob), and substituting the amino acid 
side chain present in the CH3 region of the other H chain to a smaller side chain (hole), such that the knob is placed 
into the hole. A finding that uses a similar "knob" and "hole" at the interface where the H chain variable region (hereinafter 
referred to as VH) associates with the L chain variable region (hereinafter referred to as VL) has also been reported 

35 (see Non-Patent Document 4). According to the report by Zhe et al., substitution of two types of amino acids present at 
the VH-VL interface (four types for both chains) promotes the formation of the heterologous molecule 1 .28 times more 
efficiently (wild type: 72%, and modified type: 92%). Meanwhile, substitution of one type of amino acid (two types for 
both chains) results in the same level of efficiency as the wild type. However, the method of setting a knob and a hole 
in VH and VL does not sufficiently promote the formation of heterologous molecules. 

40 

[Patent Document 1] International publication WO 96/2701 1 

[Non-Patent Document 1] Segal DM et al., Current Opinion in Immunology, 1999, Vol. 11, p. 558-562. 
[Non-Patent Document 2] Ridgway JB etal., Protein Engineering, 1996, Vol. 9, p. 61 7-621. 
[Non-Patent Document 3] Merchant AM et al., Nature Biotechnology, 1998, Vol. 16, p. 677-681. 
^5 [Non-Patent Document 4] Zhe Z et al., Protein Science, 1997, Vol. 6, p. 781 -788. 

Disclosure of the Invention 

[Problems to be Solved by the Present Invention] 

50 

[0004] The present invention was achieved in view of the above circumstances. An objective of the present invention 
is to provide a method for regulating polypeptide association, polypeptides whose association is regulated, and methods 
for producing such polypeptides. In one embodiment, it is an objective of the present invention to provide methods for 
efficiently producing bispecific antibodies by regulating association at the VH-VL interface. Another objective is to provide 
55 methods for efficiently producing one of the conformational isomers of sc(Fv)2. 
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[Means for Solving the Problems] 

[0005] The present inventors selected VH and VL of the antibodies as peptides to be subjected for the regulation of 
association, and carried out dedicated research on methods that allow the association between these VH and VL to be 
5 regulated. 

[0006] As a result, the inventors discovered that the association between VH and VL can be regulated by substituting 
amino acids present at the VH-VL interface with charged amino acids. This, in turn, leads to a more efficient formation 
of the heterologous molecules than the above-mentioned methods that utilize the knob and hole techniques. 
[0007] Surprisingly, according to the methods of the present invention, substitution with only one type of amino acid 
10 present at each side of the VH-VL interface (a total of two amino acids for VH and VL) allows for the efficient production 
of a heterologous molecule. From the viewpoint of antigenicity, fewer amino acid substitutions are preferred. In an 
embodiment of the present invention, a mere substitution of one amino acid present at the VH-VL interface enables the 
efficient formation of heterologous molecules. 

[0008] Accordingly, associations between VH and VL can be regulated by the findings discovered by the present 
15 inventors. The present invention can be applied not only to the regulation of association between VH and VL, but can 
also be applied to the regulation of associations among arbitrary polypeptides. 

[0009] Furthermore, the present inventors confirmed that function is actually retained in bispecific antibodies obtained 
by the methods for regulating association of the present invention. 

[001 0] As described above, the present inventors succeeded in developing methods that can regulate the association 
20 between arbitrary polypeptides, and thus completed the present invention. 

[001 1] The present invention relates to methods for regulating polypeptide association, polypeptides whose association 
is regulated, and methods for producing such polypeptides, and more specifically the invention provides: 

[I] a method for producing a polypeptide comprising a mutation in an amino acid residue forming a polypeptide 
25 interface such that polypeptide association will be regulated, wherein the method comprises: 

(a) modifying a nucleic acid encoding an amino acid residue forming the polypeptide interface from the original 
nucleic acid, such that polypeptide association will be inhibited; 

(b) culturing host cells such that said nucleic acid is expressed; and 
30 (c) recovering said polypeptide from the host cell culture; 

[2] a method for producing a heteromultimer comprising a mutation in an amino acid residue forming an interface 
between polypeptides such that heteromultimer association will be regulated, wherein the method comprises: 

35 (a) modifying a nucleic acid encoding an amino acid residue forming the interface between polypeptides from 

the original nucleic acid, such that the association between polypeptides will be inhibited; 

(b) culturing host cells such that said nucleic acid is expressed; and 

(c) recovering said heteromultimer from the host cell culture; 

40 [3] the method of [1], wherein a nucleic acid encoding an amino acid residue forming a polypeptide interface is 

modified from the original nucleic acid, so that the polypeptide association forming one or more types of conforma- 
tional isomers will be inhibited in a polypeptide that may form two or more types of conformational isomers; 
[4] the method of [2], wherein a nucleic acid encoding an amino acid residue forming an interface between polypep- 
tides is modified from the original nucleic acid, so that the association between polypeptides forming one or more 

45 types of multimers will be inhibited in a heteromultimer that may form two or more types of multimers; 

[5] the method of [1 ] or [2], wherein the modification of step (a) is modifying the original nucleic acid so that an amino 
acid residue mutation is introduced to the interface such that two or more amino acid residues forming the interface 
will carry the same type of charge; 

[6] the method of [5], wherein the introduced amino acid residue is glutamic acid (E); 
50 [7] the method of [5], wherein the introduced amino acid residue is aspartic acid (D); 

[8] the method of [5], wherein the introduced amino acid residue is lysine (K); 
[9] the method of [5], wherein the introduced amino acid residue is arginine (R); 
[10] the method of [5], wherein the introduced amino acid residue is histidine (H); 

[I I] the method of [1] or [2], wherein the modification of step (a) is modifying the original nucleic acid so that an 
55 amino acid residue mutation is introduced to the interface such that an amino acid residue forming a hydrophobic 

core present in the interface will become charged amino acid residues; 

[12] the method of [1 1], wherein the introduced amino acid residue is glutamic acid (E); 

[13] the method of [1 1], wherein the introduced amino acid residue is aspartic acid (D); 
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[14] the method of [1 1], wherein the introduced amino acid residue is lysine (K); 
[15] the method of [1 1], wherein the introduced amino acid residue is arginine (R); 
[16] the method of [11], wherein the introduced amino acid residue is histidine (H); 

[1 7] the method of [1 ] or [2], wherein the interface of the polypeptide is formed by an antibody heavy chain variable 
5 region and light chain variable region; 

[1 8] the method of [1 ] or [2], wherein the polypeptide interface is formed by two or more types of heavy chain variable 
regions; 

[1 9] the method of [1 ] or [2], wherein the polypeptide interface is formed by an antibody heavy chain constant region 
and light chain constant region; 
10 [20] the method of [1 ] or [2], wherein the polypeptide interface is formed by two or more types of heavy chain constant 

regions; 

[21 ] the method of [1 ] wherein the polypeptide is a single chain polypeptide in which two or more heavy chain variable 
regions and two or more light chain variable regions are linked by linkers; 

[22] the method of [2], wherein the heteromultimer is a multi-specific antibody comprising two or more types of heavy 
15 chain variable regions and two or more types of light chain variable regions; 

[23] the method of [22], wherein the heteromultimer is a bispecific antibody; 
[24] a mutant polypeptide or heteromultimer produced by the method of [1] or [2]; 

[25] a mutant polypeptide, comprising a modification made to an amino acid residue forming an interface in the 
original polypeptide such that the association within said polypeptide is inhibited; 
20 [26] a heteromultimer, comprising a modification made to an amino acid residue forming an interface between the 

original polypeptides such that the association between said polypeptides is inhibited; 

[27] the mutant polypeptide of [25], wherein the original polypeptide may form two or more types of conformational 
isomers; 

[28] the heteromultimer of [26], wherein the original polypeptides may form two or more types of multimers; 
25 [29] the mutant polypeptide of [25] or the heteromultimer of [26], wherein said modification of the amino acid residues 

forming a polypeptide interface is introducing an amino acid residue mutation to the interface such that two or more 
amino acid residues forming the interface will carry the same type of charge; 

[30] the mutant polypeptide or heteromultimer of [29], wherein the introduced amino acid residue is glutamic acid (E); 

[31 ] the mutant polypeptide or heteromultimer of [29], wherein the introduced amino acid residue is aspartic acid (D); 
30 [32] the mutant polypeptide or heteromultimer of [29], wherein the introduced amino acid residue is lysine (K); 

[33] the mutant polypeptide or heteromultimer of [29], wherein the introduced amino acid residue is arginine (R); 

[34] the mutant polypeptide or heteromultimer of [29], wherein the introduced amino acid residue is histidine (H); 

[35] the mutant polypeptide of [25] or the heteromultimer of [26], wherein the modification of amino acid residues 

forming the polypeptide interface is introducing an amino acid residue mutation to the interface such that an amino 
35 acid residue forming a hydrophobic core present in the interface will become charged amino acid residues; 

[36] the mutant polypeptide or heteromultimer of [35], wherein the introduced amino acid residue is glutamic acid (E); 

[37] the mutant polypeptide or heteromultimer of [35], wherein the introduced amino acid residue is aspartic acid (D); 

[38] the mutant polypeptide or heteromultimer of [35], wherein the introduced amino acid residue is lysine (K); 

[39] the mutant polypeptide or heteromultimer of [35], wherein the introduced amino acid residue is arginine (R); 
40 [40] the mutant polypeptide or heteromultimer of [35], wherein the introduced amino acid residue is histidine (H); 

[41] the mutant polypeptide of [25] or the heteromultimer of [26], wherein the polypeptide interface is formed by an 

antibody heavy chain variable region and light chain variable region; 

[42] the mutant polypeptide of [25] or the heteromultimer of [26], wherein the polypeptide interface is formed by two 
or more types of heavy chain variable regions; 
45 [43] the mutant polypeptide of [25] or the heteromultimer of [26], wherein the polypeptide interface is formed by an 

antibody heavy chain constant region and light chain constant region; 

[44] the mutant polypeptide of [25] or the heteromultimer of [26], wherein the polypeptide interface is formed by two 
of more types of heavy chain constant regions; 

[45] the mutant polypeptide of [25], wherein the polypeptide is a single chain polypeptide in which two or more heavy 
50 chain variable regions and two or more light chain variable regions are linked by linkers; 

[46] the heteromultimer of [26], wherein the heteromultimer is a multispecific antibody comprising two or more types 
of heavy chain variable regions and two or more types of light chain variable regions; 
[47] the heteromultimer of [46], wherein the heteromultimer is a bispecific antibody; 

[48] a composition comprising the mutant polypeptide of [25] or the heteromultimer of [26], and a pharmaceutically 
55 acceptable carrier; 

[49] a nucleic acid encoding the mutant polypeptide of [25] or the heteromultimer of [26]; 
[50] a host cell comprising the nucleic acid of [49]; 

[51] a method for producing the mutant polypeptide of [25] or the heteromultimer of [26], which comprises the steps 
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of culturing the host cell of [50], and recovering the polypeptide from the cell culture; 

[52] a method for regulating polypeptide association, which comprises modifying an amino acid residue forming an 
interface in the original polypeptide such that the association within the polypeptide is inhibited; 
[53] a method for regulating heteromultimer association, which comprises modifying amino acid residues forming 
5 an interface between the original polypeptides such that the association between the polypeptides is inhibited; 

[54] the method of [52], which comprises modifying an amino acid residue forming an interface in a polypeptide, 
such that the association of a polypeptide forming one or more types of conformational isomers will be inhibited in 
a polypeptide that may form two or more types of conformational isomers; 

[55] the method of [53], which comprises modifying amino acid residues forming an interface between polypeptides, 
10 such that the association between polypeptides that form one or more types of conformational isomers will be 

inhibited in a heteromultimer that may form two or more types of multimers; 

[56] the method of [52] or [53], wherein said modification of an amino acid residue forming a polypeptide interface 

is introducing an amino acid residue mutation to the interface such that two or more amino acid residues forming 

the interface will have the same type of charge; 
15 [57] the method of [56], wherein the introduced amino acid residue is glutamic acid (E); 

[58] the method of [56], wherein the introduced amino acid residue is aspartic acid (D); 

[59] the method of [56], wherein the introduced amino acid residue is lysine (K); 

[60] the method of [56], wherein the introduced amino acid residue is arginine (R); 

[61] the method of [56], wherein the introduced amino acid residue is histidine (H); 
20 [62] the method of [52] or [53], wherein said modification of amino acid residues forming a polypeptide interface is 

introducing an amino acid residue mutation to the interface such that an amino acid residue forming a hydrophobic 

core present in the interface will become charged amino acid residues; 

[63] the method of [62], wherein the introduced amino acid residue is glutamic acid (E); 

[64] the method of [62], wherein the introduced amino acid residue is aspartic acid (D); 
25 [65] the method of [62], wherein the introduced amino acid residue is lysine (K); 

[66] the method of [62], wherein the introduced amino acid residue is arginine (R; 

[67] the method of [62], wherein the introduced amino acid residue is histidine (H); 

[68] the method of [52] or [53], wherein the polypeptide interface is formed by an antibody heavy chain variable 
region and light chain variable region; 
30 [69] the method of [52] or [53], wherein the polypeptide interface is formed by two or more types of heavy chain 

variable regions; 

[70] the method of [52] or [53], wherein the polypeptide interface is formed by an antibody heavy chain constant 
region and light chain constant region; 

[71] the method of [52] or [53], wherein the polypeptide interface is formed by two or more types of heavy chain 
35 constant regions; 

[72] the method of [52], wherein the polypeptide is a single chain polypeptide in which two or more heavy chain 
variable regions and two or more light chain variable regions are linked by linkers; 

[73] the method of [53], wherein the heteromultimer is a multispecific antibody comprising two types or more of 
heavy chain variable regions and two types or more of light chain variable regions; 
40 [74] the method of [73], wherein the heteromultimer is a bispecific antibody; 

[75] an antibody comprising a heavy chain variable region and a light chain variable region, wherein the following 
amino acid residues of (1 ) and (2) carry the same type of charge: 

(1) an amino acid residue which is included in the heavy chain variable region and corresponds to position 39 
45 (glutamine) in the amino acid sequence of SEQ ID NO: 6; and 

(2) an amino acid residue which is included in the light chain variable region and corresponds to position 44 
(glutamine) in the amino acid sequence of SEQ ID NO: 8; 

[76] an antibody comprising a heavy chain variable region and a light chain variable region, wherein the following 
50 amino acid residues of (1 ) and (2) carry the same type of charge: 

(1) an amino acid residue which is included in the heavy chain variable region and corresponds to position 45 
(leucine) in the amino acid sequence of SEQ ID NO: 6; and 

(2) an amino acid residue which is included in the light chain variable region and corresponds to position 50 
55 (proline) in the amino acid sequence of SEQ ID NO: 8; 

[77] an antibody comprising a heavy chain variable region and a light chain variable region, wherein either one of 
the following amino acid residues of (1 ) or (2) is a charged amino acid residue: 
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(1) an amino acid residue which is included in the heavy chain variable region and corresponds to position 45 
(leucine) in the amino acid sequence of SEQ ID NO: 6; and 

(2) an amino acid residue which is included in the light chain variable region and corresponds to position 50 
(proline) in the amino acid sequence of SEQ ID NO: 8; 

5 

[78] the antibody of [75] or [76], wherein amino acid residues carrying the same type of charge are selected from 
amino acid residues included in the group of either (a) or (b): 

(a) glutamic acid (E) and aspartic acid (D); or 
10 (b) lysine (K), arginine (R), and histidine (H); 

[79] the antibody of [77], wherein said charged amino acid residue is glutamic acid (E), aspartic acid (D), lysine (K), 
arginine (R), or histidine (H); 

[80] the antibody of any one of [75] to [77], wherein the polypeptide is a single chain polypeptide in which two or 
15 more heavy chain variable regions and two or more light chain variable regions are linked by linkers; 

[81] the antibody of any one of [75] to [77], wherein the polypeptide is a multispecific antibody comprising two or 
more types of heavy chain variable regions and two or more types of light chain variable regions; 
[82] the antibody of [81], wherein the polypeptide is a bispecific antibody; 

[83] a composition comprising the antibody of any one of [75] to [77] and a pharmaceutically acceptable carrier; 
20 [84] a nucleic acid encoding a polypeptide constituting the antibody of any one of [75] to [77]; 

[85] a host cell comprising the nucleic acid of [84]; 

[86] the method for producing the antibodies of any one of [75] to [77], which comprises the steps of culturing the 
host cell of [85] and recovering the polypeptides from the cell culture; 

[87] an antibody comprising two or more types of heavy chain CH3 regions, wherein one to three pair(s) of amino 
25 acid residues in the first heavy chain CH3 region is/are selected from the pair(s) of amino acid residues indicated 

in (1 ) to (3) that carry the same type of charge: 

(1) amino acid residues included in the heavy chain CH3 region at positions 356 and 439 according to the EU 
numbering system; 

30 (2) amino acid residues included in the heavy chain CH3 region at positions 357 and 370 according to the EU 

numbering system; and 

(3) amino acid residues included in the heavy chain CH3 region at positions 399 and 409 according to the EU 
numbering system; 

35 [88] the antibody of [87], in which pairs of the amino acid residues in the second heavy chain CH3 region are selected 

from the pairs of amino acid residues of (1 ) to (3), wherein the one to three pairs of amino acid residues corresponding 
to the pairs of amino acid residues of (1 ) to (3) carrying the same type of charge in said first heavy chain CH3 region, 
carry opposite charges from the corresponding amino acid residues in said first heavy chain CH3 region; 
[89] the antibody of [87], wherein said amino acid residues carrying the same type of charge are selected from the 

40 amino acid residues included in the group of either (a) or (b): 

(a) glutamic acid (E) and aspartic acid (D); or 

(b) lysine (K), arginine (R), and histidine (H); 

45 [90] the antibody of [87], wherein said first heavy chain CH3 region and the second heavy chain CH3 region are 

crosslinked by a disulfide bond; 

[91] the antibody of [87], wherein the antibody comprises two or more types of heavy chain constant regions; 
[92] the antibody of [87], wherein the multispecific antibody comprises two or more types of heavy chain variable 
regions and two or more types of light chain variable regions; 
50 [93] the antibody of [92], which is a bispecific antibody; 

[94] a composition comprising the antibody of [87] and a pharmaceutically acceptable carrier; 
[95] a nucleic acid encoding a polypeptide constituting the antibody of [87]; 
[96] a host cell comprising the nucleic acid of [95]; and 

[97] a method for producing the antibody of [87], which comprises the steps of culturing the host cell of [96], and 
55 recovering the polypeptides from the cell culture. 
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Brief Description of the Drawings 
[0012] 

5 Fig. 1 depicts models of the Fv region of humanized SB04. Part (A) depicts H39 and L38, which are amino acid 

residues at the VH-VL interface, and part (B) depicts H45 and L44, which are amino acid residues at the VH-VL 
interface. 

Fig. 2 is a photograph depicting the results of an assay evaluating the associations between H and L chains in H39 
and L38-modified antibodies. These results demonstrate that for all modified antibodies, the associated proportion 
10 of the antibody of interest is increased when compared to the wild type. 

Description of the lanes: 

[0013] 

15 

M: molecular marker; 

1 : humanized XB12 H chain (Q) + humanized XB12 L chain (Q); 
2: humanized XB12 H chain (Q) + humanized SB04 L chain (Q); 

3: wild type: humanized XB12 H chain (Q) + humanized XB12 L chain (Q) + humanized SB04 L chain (Q); 
20 4: D variant: humanized XB12 H chain (D) + humanized XB12 L chain (Q) + humanized SB04 L chain (D); 

5: E variant: humanized XB12 H chain (E) + humanized XB12 L chain (Q) + humanized SB04 L chain (E); 

6: R variant: humanized XB12 H chain (R) + humanized XB12 L chain (Q) + humanized SB04 L chain (R); and 

7: K variant: humanized XB12 H chain (K) + humanized XB12 L chain (Q) + humanized SB04 L chain (K) 

25 [0014] Fig. 3 depicts the results of an assay evaluating coagulation activity in H39 and L38-modified antibodies. The 
results demonstrate that the bispecific antibody whose XB1 2 H chain (H39) and SB04 L chain (L38) have been modified 
to Glu has a coagulation activity equal to or greater than that of the wild-type. 

[0015] Fig. 4 depicts the results of an assay evaluating Factor IXa binding activity in H39 and L38-modified antibodies. 
The results demonstrate that all modified antibodies have a binding activity equivalent to that of the wild-type. 
30 [0016] Fig. 5 shows the results of an assay evaluating Factor X binding activity in H39 and L38-modified antibodies. 
The results show that all modified antibodies have a binding activity equivalent to that of the wild-type. 
[0017] Fig. 6 is a photograph depicting the results of an assay evaluating the association between the H and L chains 
in the L44-modified antibodies. The results demonstrate that for all modified antibodies, the associated proportion of the 
antibody of interest is increased when compared to that of the wild type. 

35 

Description of the lanes: 
[0018] 

40 1 : wild type: humanized XB12 H chain + humanized XB12 L chain (P) + humanized SB04 L chain (P); 

2: D variant: humanized XB12 H chain + humanized XB12 L chain (P) + humanized SB04 L chain (D); 
3: E variant: humanized XB12 H chain + humanized XB12 L chain (P) + humanized SB04 L chain (E); 
4: R variant: humanized XB12 H chain + humanized XB 12 L chain (P) + humanized SB04 L chain (R); and 
5: K variant: humanized XB12 H chain + humanized XB12 L chain (P) + humanized SB04 L chain (K) 

45 

[0019] Fig. 7 depicts the results of an assay evaluating coagulation activity in L44-modified antibodies. The results 
demonstrate that all modified antibodies have coagulation activity greater than that of the wild-type. 
[0020] Fig. 8 depicts the results of an assay evaluating Factor X binding activity in L44-modified antibodies. The results 
demonstrate that all modified antibodies have a binding activity equivalent to that of the wild type. 
50 [0021] Fig. 9 is a photograph depicting the results of an assay evaluating the association between the H and L chains 
in H39, L38, and L44-modified antibodies. The results demonstrate that for all modified antibodies, associated proportion 
of the antibody of interest is increased when compared to that of the wild type. 

Description of the lanes: 

55 

[0022] 

1 : wild type: humanized XB12 H chain (H39: Q) + humanized XB12 L chain (L38: Q) + humanized SB04 L chain 
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(L38: Q, L44: P); 

2: E + D variant: humanized XB12 H chain (H39: E) + humanized XB12 L chain (L38: Q) + humanized SB04 L chain 
(L38: E, L44: D); 

3: E + E variant: humanized XB12 H chain (H39: E) + humanized XB12 L chain (L38: Q) + humanized SB04 L chain 
5 (L38: E, L44: E); 

4: E + R variant: humanized XB12 H chain (H39: E) + humanized XB12 L chain (L38: Q) + humanized SB04 L chain 
(L38: E, L44: R); 

5: E + K variant: humanized XB12 H chain (H39: E) + humanized XB12 L chain (L3 8 : Q) + humanized SB04 L 
chain (L38: E, L44: K); and 
10 M: molecular marker 

[0023] Fig. 1 0 depicts the results of an assay evaluating coagulation activity in H3 9, L38, and L44- modified antibodies. 

The results demonstrate that bispecific antibodies whose XB12 H chain (H39) and SB04 L chain (L38, L44) have been 

modified have a coagulation activity equal to or greater than that of the wild type. 
15 [0024] Fig. 1 1 depicts the results of an assay evaluating Factor IXa binding activity in H39, L38, and L44-modified 

antibodies. The results demonstrate that all modified antibodies have a binding activity equivalent to that of the wild type. 

[0025] Fig. 12 presents a schematic diagram of examples of the conformations of an sc(Fv)2 having two types of 

heavy chain variable regions (VH1 and VH2) and two types of light chain variable regions (VL1 and VL2). An sc(Fv)2 

having the structure of (a) is mainly present as two types of conformational isomers shown in (b). 
20 [0026] Fig. 1 3 depicts the results of separating peak 1 and peak 2 corresponding to the conformational isomers of u2- 

wz4, by cation exchange chromatography. 

[0027] Fig. 14 depicts the results of peptide mapping of peak 1 and peak 2 separated by cation exchange chroma- 
tography. 

[0028] Fig. 1 5 is a photograph depicting the results of a reduced SDS-PAGE assay performed after subtilisin treatment 
25 of u2-wz4 before separation of peak 1 and peak 2, which are conformational isomers of u2-wz4. The conformations 
corresponding to the obtained bands are shown on the right. 

[0029] Fig. 16 depicts the difference in degradation patterns after limited proteolysis by subtilisin, which is caused by 
differences in the conformation of a bivalent scFv and single chain antibody. In the case of the bivalent ScFv structure, 
the minibody fragment in the dotted frame is formed. 
30 [0030] Fig. 1 7 depicts the results of a gel filtration chromatography assay after limited proteolysis by subtilisin on u2- 
wz4 before separation and on peak 1 and peak 2, which are conformational isomers of u2-wz4. The elution positions of 
the minibody peaks are shown by arrows. 

[0031] Fig. 18 depicts the results of a gel filtration chromatography assay on u2-wz4, variant v1 , and variant v3 after 
purification through an MG10-GST fusion protein-immobilized column. 
35 [0032] Fig. 1 9 depicts the results of a cation exchange chromatography assay on u2-wz4, variant v1 , and variant v3. 
[0033] Fig. 20 is a photograph depicting the results of isoelectric focusing of u2-wz4, peak 1 purified from u2-wz4, 
peak 2 purified from u2-wz4, variant v1 , and variant v3. 

[0034] Fig. 21 depicts the results of gel filtration analyses performed after protease-limited proteolysis of peak 1 purified 
from u2-wz4, peak 2 purified from u2-wz4, variant v1 , and variant v3. 
40 [0035] Fig. 22 depicts the results of an assay evaluating the TPO-like agonist activity of peak 1 purified from u2-wz4, 
peak 2 purified from u2-wz4, variant v1 , and variant v3. 

[0036] Fig. 23 depicts the results of DSC analyses of peak 1 purified from u2-wz4, peak 2 purified from u2-wz4, variant 
v1 , and variant v3. 

[0037] Fig. 24 depicts the percentage of monomers recovered by gel filtration chromatographic analysis in thermal 
45 acceleration tests of peak 1 purified from u2-wz4, peak 2 purified from u2-wz4, variant v1 , and variant v3. 

[0038] Fig. 25 depicts the conformational isomer content percentage obtained by cation exchange chromatographic 
analysis in thermal acceleration tests of peak 1 purified from u2-wz4, peak 2 purified from u2-wz4, variant v1 , and variant 
v3. 

[0039] Fig. 26 depicts the results of an assay evaluating the coagulation activities of humanized bispecific antibodies 
50 (humanized A69 (hA69-PFL)/humanized B26 (hB26-PF)/humanized BBA (hAL-AQ)). The results demonstrate that the 
coagulation activities are equivalent to or greater than those of chimeric bispecific antibodies. 

[0040] Fig. 27 presents a schematic diagram describing the method for improving the efficiency of the formation of 
bispecific antibody by modifying the H-chain constant region. The numbers indicating the positions of modification are 
based on the EU numbering system (Kabat EA et al. 1991. Sequences of Proteins of Immunological Interest. NIH). 
55 [0041] Fig. 28 depicts chromatograms of I EX analysis of humanized bispecific antibodies (lgG4-type) whose CH3 
interface has been modified. 

[0042] Fig. 29 depicts the formation ratio of A-Homo, BiAb, and B-Homo obtained by I EX analysis of humanized 
bispecific antibodies (lgG4-type) whose CH3 interface has been modified. 
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[0043] Fig. 30 depicts the percentage of monomer recovered after thermal acceleration tests at 60°C-1W on BiAb 
purified from humanized bispecific antibodies (lgG4-type) whose CH3 interface has been modified. 
[0044] Fig. 31 depicts the results of an assay evaluating coagulation activity of humanized bispecific antibodies (lgG4- 
type) whose CH3 interface has been modified. The results demonstrate that the coagulation activities are equivalent to 
5 that of the unmodified bispecific antibody. 

[0045] Fig. 32 depicts the formation ratio obtained through I EX analysis for A-Homo, BiAb, and B-Homo, which are 
humanized bispecific antibodies (lgG1-type) whose CH3 interface has been modified. 

Best Mode for Carrying Out the Invention 

10 

[0046] The present invention relates to methods for regulating the association of polypeptides or association of heter- 
omultimers composed of polypeptides. 

[0047] First, the present invention provides methods for regulating polypeptide association, such methods including 
the step of modifying amino acid residues in an original peptide forming an interface so as to inhibit the association 
15 within the polypeptide. 

[0048] In the present invention, the term "polypeptides" ordinarily refers to peptides and proteins whose length is about 
ten amino acids or longer. Polypeptides are ordinarily derived from organisms but are not particularly limited thereto, 
and for example, they may be composed of an artificially designed sequence. They may also be any of naturally derived 
polypeptides, synthetic polypeptides, recombinant polypeptides, or such. Additionally, fragments of the above-mentioned 
20 polypeptides are also included in the polypeptides of the present invention. 

[0049] In the present invention, the phrase "polypeptide association" refers to, for example, a condition in which two 
or more polypeptide regions interact. 

[0050] In the present invention, the phrase "regulating association" refers to regulating to achieve a desired association 
condition, and more specifically refers to regulating so that undesirable associations are not formed in the polypeptides. 

25 [0051] In the present invention, the term "interface" ordinarily refers to the association surface that results from asso- 
ciation (interaction), and amino acid residues that form the interface are ordinarily one or more amino acid residues 
included in the polypeptide regions which participate in the association, and are more preferably amino acid residues 
that approach each other during association and are involved in the interaction. More specifically, this interaction includes, 
for example, instances where the amino acid residues come close during the association to form hydrogen bonds, 

30 electrostatic interactions, or salt bridges with each other. 

[0052] In the present invention, the phrase, "amino acid residues forming an interface" more specifically refers to 
amino acid residues included in the polypeptide region that constitutes the interface. For example, polypeptide regions 
constituting the interface refer to polypeptide regions responsible for selective binding within or between molecules such 
as in antibodies, ligands, receptors, or substrates. More specifically, in antibodies, such examples include heavy chain 

35 variable regions and light chain variable regions. 

[0053] "Modification" of amino acid residues in the methods of the present invention specifically refers to substituting 
original amino acid residue(s) for other amino acid residue(s), deleting original amino acid residue(s), adding new amino 
acid residue(s), and such, but preferably refers to substituting one or more original amino acid residues for other amino 
acid residues. 

40 [0054] In the present invention, the term "polypeptides" preferably refers to polypeptides that form two or more types 
of conformational isomers. Conformational isomers are proteins whose amino acid sequences are identical but their 
three-dimensional (tertiary) structures are different. Ordinarily, among conformational isomers, at least either one of 
chemical or physical properties is also different. 

[0055] A preferred embodiment of the present invention relates to methods for preferentially (efficiently) obtaining 
45 desirable conformational isomers from among two or more types of potential conformational isomers. More specifically, 
an embodiment relates to methods for modifying the one or more amino acid residues that form an interface between 
the polypeptides so as to inhibit an association between polypeptides forming one or more types of conformational 
isomers from among those polypeptides that may form two or more types of conformational isomers. 
[0056] For example, when the first to fourth peptide regions exist in a polypeptide, and any two of these regions can 
50 associate, the following cases are conceivable where mainly three types of conformational isomers can exist: (1) the 
first and second polypeptide regions associate and the third and fourth polypeptide regions associate, (2) the first and 
third polypeptide regions associate, and the second and fourth polypeptide regions associate, and (3) the first and fourth 
polypeptide regions associate, and the second and third polypeptide regions associate. 

[0057] Under the above-mentioned circumstance, when one wishes to preferentially obtain a polypeptide (conforma- 
55 tional isomer) associated with the interaction of (1), for example, amino acid residues forming the interfaces present in 
the first, third, or fourth polypeptide regions are modified so that association of the first polypeptide region with the third 
and fourth polypeptide regions is inhibited. 

[0058] The methods of the present invention also relates to methods for regulating heteromultimer association, such 
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methods including the step of modifying amino acid residues that form the interface between the original polypeptides, 
such that the association between the polypeptides is inhibited. 

[0059] In the present invention, the term "heteromultimer" refers to a protein multimer composed of more than one 
type of polypeptide, in which the polypeptides can associate with each other. More specifically, a "heteromultimer" 

5 includes at least a first polypeptide and a second polypeptide; in this context, the second polypeptide is a molecule which 
differs from the first polypeptide by at least one amino acid residue. Furthermore, without particular limitation, the heter- 
omultimers preferably have binding specificity toward at least two different types of ligands, antigens, receptors, sub- 
strates, or such. In addition to a "heterodimer" formed by a first and second polypeptide, another different type of 
polypeptide may exist in the heteromultimer. More specifically, "heteromultimers" of the present invention are not limited 

10 to heterodimers and include for example heterotrimers and heterotetramers. 

[0060] Preferred embodiments of the above-mentioned methods are methods of modifying amino acid residues that 
form the interface between polypeptides in heteromultimers that may form two or more types of multimers, such that 
association between polypeptides forming one or more types of multimers is inhibited. 

[0061] For example, when any two of the polypeptides can associate in the protein multimers composed of the first 
15 to fourth polypeptides, the following multimers can mainly exist: (1) multimers in which the first and second polypeptides 
are associated and the third and fourth polypeptides are associated, (2) multimers in which the first and third polypeptides 
are associated and the second and fourth polypeptides are associated, or (3) multimers in which the first and fourth 
polypeptides are associated and the second and third polypeptides are associated. 

[0062] Under the above-mentioned circumstance, when one wishes to preferentially obtain multimers associated with 
20 the interaction of (1 ), for example, amino acid residues included in the first, third, or fourth polypeptide can be modified 
so that association of the first polypeptide with the third and fourth polypeptides is inhibited. 

[0063] Preferred embodiments of the methods of the present invention for regulating polypeptide association include, 
for example, methods in which modification of amino acid residues forming the interface of polypeptides include intro- 
ducing amino acid residue mutations to the interface so that two or more amino acid residues forming an interface will 
25 have the same type of charge. 

[0064] In the methods mentioned above, by modifying two or more amino acid residues involved in an association at 
the interface such that they carry the same kind of charge, repulsive forces among those charges will inhibit association 
among these amino acid residues. 

[0065] Therefore, in the method mentioned above, the amino acid residues that are to be modified are preferably two 
30 or more amino acid residues that come close to each other during association in the region between the polypeptide 
regions that form the interface. 

[0066] Amino acid residues that come close to each other during association can be identified, for example, by analyzing 
the three dimensional structures of the polypeptides, and investigating the amino acid sequences of the polypeptide 
regions forming the interface when these polypeptides associate. Amino acid residues that come close to each other at 

35 the interface will be preferred targets for "modifications" in the methods of the present invention. 

[0067] Some amino acids are known to be charged amino acids. Generally, lysine (K), arginine (R), and histidine (H) 
are known as positively charged amino acids (cationic amino acids) whereas aspartate (D), glutamate (E), and such are 
known as negatively charged amino acids (anionic amino acids). Therefore, in the context of the present invention, 
amino acids carrying the same type of charge preferably refer to amino acids that are either positively charged or 

40 negatively charged. 

[0068] In the methods of the present invention, all of the mutated amino acid residues are preferably modified to have 
the same type of charges, but the methods are not necessarily limited to such cases. For example, when a number of 
amino acid residues are introduced by the modification, there may be a few uncharged amino acid residues among 
these amino acid residues. 

45 [0069] The number of amino acid residues that undergo modification in the methods of the present invention is not 
particularly limited. However, when modifying the variable region(s) of an antibody, it is preferable that only a few amino 
acid residues are modified so as not to decrease the antigen binding activity or increase the antigenicity of the resulting 
antibody. The methods of the present invention can regulate association by modifying one or both of the two amino acid 
residues that come close to each other at the interface, as indicated in the Examples described below. The term "few" 

50 as used in the above-mentioned context refers to about one to ten for example, preferably about one to five, more 
preferably about one to three, and even more preferably about one to two. 

[0070] In a preferred embodiment, the amino acid residues that are introduced by modification (i.e., subjected to 
modification) are preferably all selected from among the above-mentioned positively charged amino acids, or, alterna- 
tively, are all selected from among the above-mentioned negatively charged amino acids. 
55 [0071] Furthermore, in the present invention, preferred amino acid residues to be introduced include glutamic acid 
(E), asparagine (D), lysine (K), arginine (R), or histidine (H). 

[0072] In another preferred embodiment of the present invention, when an interface-forming amino acid residue (X) 
in an original polypeptide (before modification) is already charged, it is preferable that the amino acid residue that comes 
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close to and faces this amino acid residue (X) during association is modified to be the same amino acid residue (or an 
amino acid residue with the same type of charge) as the amino acid residue (X). In this embodiment, it is only necessary 
to modify one of the amino acid residues that form the interface. 

[0073] Preferred embodiments of the methods of the present invention for regulating association include methods in 
5 which modification of amino acid residues forming the interface of the polypeptides that feature the introduction of amino 
acid residue mutations to the interface such that the amino acid residues forming a hydrophobic core present at the 
interface are transformed into charged amino acid residues. 

[0074] In general, the term "hydrophobic core" refers to a part of a polypeptide that is formed by an assembly of 
hydrophobic amino acid side chains at the interior of the associated polypeptides. Examples of hydrophobic amino acids 

10 include alanine, isoleucine, leucine, methionine, phenylalanine, proline, tryptophan, and valine. Furthermore, amino acid 
residues other than hydrophobic amino acids (for example tyrosine) may be involved in the formation of a hydrophobic 
core. This hydrophobic core together with a hydrophilic surface, in which hydrophilic amino acid side chains are exposed 
to the exterior, becomes a driving force for promoting association of water-soluble polypeptides. When hydrophobic 
amino acids of two different domains are present on a molecular surface and are exposed to water molecules, the 

15 entropy will increase and the free energy will increase. Accordingly, the two domains will associate with each other to 
decrease the free energy and become stable, and hydrophobic amino acids at the interface will be buried into the interior 
of the molecule to form a hydrophobic core. 

[0075] When polypeptide associations take place, modification of hydrophobic amino acids forming the hydrophobic 
core to charged polar amino acids inhibits the formation of the hydrophobic core, and as a result, inhibits the polypeptide 
20 association. 

[0076] Those skilled in the art can identify the organized sites (regions) and such, as well as the presence of the 
hydrophobic core, by analyzing the amino acid sequence of the desired polypeptides. Thus, the present invention relates 
to methods for regulating association that feature the step of modifying amino acid residues involved with the formation 
of the hydrophobic core at the interface into charged amino acid residues. 
25 [0077] Examples of charged amino acid residues suitable for use in the methods described above preferably include 
glutamic acid (E), aspartic acid (D), lysine (K), arginine (R), and histidine (H). 

[0078] The methods of the present invention for regulating association can be used as methods for preferentially 
obtaining (producing) antibodies (polypeptides) of interest and in the production of antibodies, antibody fragments, 
polypeptides having antibody-like activity, and the like. 

30 [0079] Herein, the term "antibody" is used in the broadest sense, and includes monoclonal antibodies, polyclonal 
antibodies, and mutant antibodies (chimeric antibodies, humanized antibodies, minibodies (including antibody frag- 
ments), and multispecific antibodies), so long as they exhibit a desired biological activity. Furthermore, in the context of 
the present invention, the "antibody" can be a polypeptide or heteromultimer. Preferred antibodies include monoclonal 
antibodies, chimeric antibodies, humanized antibodies, and minibodies, such as antibody fragments. 

35 [0080] In the context of the present invention, the term "multispecific antibody" (used in the present description to have 
the same meaning as "polyspecific antibody") refers to an antibody that may bind specifically to different types of epitopes. 
More specifically, multispecific antibodies are antibodies having specificity to at least two different types of epitopes, 
and, in addition to antibodies recognizing different antigens, antibodies recognizing different epitopes on the same 
antigen are also included. For example, when the antigens are heterologous receptors, multispecific antibodies can 

40 recognize different domains constituting the heterologous receptors; alternatively, when the antigens are monomers, 
multispecific antibodies recognize multiple sites on the monomer antigens. Ordinarily, such molecules bind to two antigens 
(bispecific antibodies; used in the present description to have the same meaning as "dual-specific antibodies"), but they 
may even have specificity toward more antigens (for example three types). 

[0081 ] In addition to the antibodies described above, the antibodies of the present invention include antibodies whose 
45 amino acid sequences have been modified by amino acid substitutions, deletions, additions, and/or insertions, or chi- 
merization, humanization, and such. Such amino acid sequence modifications, such as amino acid substitutions, dele- 
tions, additions, and/or insertions, and humanization and chimerization, can be achieved by methods known to those 
skilled in the art. When the antibodies of the present invention are prepared as recombinant antibodies, likewise, the 
amino acid sequences of the antibody variable and constant regions may also be modified by amino acid substitutions, 
50 deletions, additions, and/or insertions, or chimerization, humanization and the like. 

[0082] The antibodies of the present invention may be derived from any animal, such as a mouse, human, rat, rabbit, 
goat, or camel. Furthermore, the antibodies may be modified, for example, chimeric antibodies, and in particular, modified 
antibodies that include amino acid substitutions in their sequence, such as humanized antibodies. The antibodies may 
be any type of antibody, such as antibody modification products linked with various molecules, antibody fragments, and 
55 minibodies. 

[0083] "Chimeric antibodies" are antibodies prepared by combining sequences derived from different animals. An 
example is an antibody having heavy and light chain variable (V) regions from a mouse antibody and heavy and light 
chain constant (C) regions from a human antibody. Chimeric antibodies can be prepared by known methods. To obtain 
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such chimeric antibodies, for example, a DNA encoding an antibody V region may be ligated with a DNA encoding a 
human antibody C region; the resulting ligation product can be inserted into an expression vector; and the construct can 
be introduced into a host to produce the chimeric antibody. 

[0084] "Humanized antibodies" are also referred to as reshaped human antibodies, and can be obtained by substituting 

5 the complementarity determining region (CDR) of a human antibody for the CDRof an antibody derived from a nonhuman 
mammal, for example, a mouse. Methods for identifying CDRs are known in the art (Kabat et al., Sequence of Proteins 
of Immunological Interest (1987), National Institute of Health, Bethesda, Md.; Chothia et al., Nature (1989) 342:877). 
General genetic recombination techniques suitable for this purpose are also known (see European Patent Application 
EP 125023; and WO 96/02576). For example, the CDR of a mouse antibody can be determined by known methods, 

10 and a DNA can be prepared such that it encodes an antibody in which the CDR is ligated with the framework region 
(FR) of a human antibody. A humanized antibody can then be produced using a system that uses conventional expression 
vectors. Such DNAs can be synthesized by PCR, using as primers several oligonucleotides designed to include portions 
that overlap the ends of both the CDR and FR regions (see the method described in WO 98/13388). Human antibody 
FRs linked via CDRs are selected such that the CDRs form a suitable antigen binding site. If required, amino acids in 

15 the FRs of an antibody variable region may be substituted so that the CDRs of the reshaped human antibody can form 
a suitable antigen binding site (Sato, K. et al., Cancer Res. (1993) 53:851-856). Modifiable amino acid residues in the 
FRs include portions that directly bind to an antigen via non-covalent bonds (Amit et al., Science (1986) 233: 747-53), 
portions that have some impact or effect on the CDR structure (Chothia et al., J. Mol. Biol. (1987) 196: 901-17), and 
portions involved in the interaction between VH and VL (EP 239400). 

20 [0085] When the antibodies of the present invention are chimeric antibodies or humanized antibodies, the C regions 
of these antibodies are preferably derived from human antibodies. For example, Cy1 , Cy2, Cy3, and Cy4 can be used 
for the H chain, while Ck and CX can be used for the L chain. Meanwhile, the human antibody C region may be modified 
as required to improve antibody or production stability. A chimeric antibody of the present invention preferably includes 
a variable region of an antibody derived from a nonhuman mammal and a constant region of a human antibody. A 

25 humanized antibody preferably includes CDRs of an antibody derived from a nonhuman mammal and FRs and C regions 
of a human antibody. The variable regions are described in detail in (3)-3. The constant regions of the human antibodies 
include specific amino acid sequences, which vary depending on the isotype of the antibody, for example, IgG (lgG1, 
lgG2, lgG3, and lgG4), IgM, IgA, IgD, and IgE. The constant regions used to prepare the humanized antibodies of the 
present invention may be the constant regions of antibodies of any isotype. A constant region of human IgG is preferably 

30 used, though the invention is not limited thereto. The FRs derived from a human antibody, which are used to prepare 
the humanized antibodies, are not particularly limited, and thus may be derived from an antibody of any isotype. 
[0086] The variable and constant regions of chimeric or humanized antibodies of the present invention may be modified 
by deletion, substitution, insertion, and/or addition, so long as the antibodies exhibit the same binding specificity as that 
of the original antibodies. 

35 [0087] Since their antigenicity in the human body has been attenuated, chimeric and humanized antibodies using 
human-derived sequences are expected to find utility when administered to humans for therapeutic purposes or such. 
[0088] In addition, minibodies are useful as the antibodies because of their in vivo kinetic characteristics and low-cost 
production using E. coii, plant cells, or such. 

[0089] Antibody fragments are one type of minibody. The term "minibodies" includes antibodies that include an antibody 

40 fragment as a partial structural unit. The minibodies of the present invention are not particularly limited by their structure 
nor their method of production, so long as they have antigen binding activity. Some minibodies have an activity greater 
than that of a whole antibody (Orita et al., Blood (2005) 1 05:562-566). Herein, the "antibody fragments" are not particularly 
limited, so long as they are a portion of a whole antibody (for example, whole IgG). However, the antibody fragments 
preferably include a heavy chain variable region (VH) or a light chain variable region (VL). Examples of preferred antibody 

45 fragments are: Fab, F(ab') 2 , Fab', and Fv. The amino acid sequence of a VH or VL in an antibody fragment may be 
modified by substitution, deletion, addition, and/or insertion. Furthermore, some portions of a VH and VL may be deleted, 
so long as the resulting fragments retain their antigen binding ability. For example, of the antibody fragments described 
above, "Fv" is a minimal antibody fragment composed of the complete antigen recognition and binding sites. "Fv" is a 
dimer (VH-VL dimer) composed of one unit of VH and one unit of VL bound very strongly by non-covalent bonding. An 

50 antigen binding site is formed on the surface of the VH-VL dimer by the three complementarity determining regions 
(CDRs) of each variable region. Six CDRs confer an antigen binding site to the antibody. However, even one variable 
region (or half of an Fv composed of only three antigen-specific CDRs) has the ability to recognize and bind to an antigen, 
although its affinity is lower than that of the complete binding site. Thus, molecules smaller than Fv are also included in 
the context of antibody fragments of the present invention. The variable regions of an antibody fragment may also be 

55 chimerized or humanized. 

[0090] The minibodies preferably include both VH and VL. Examples of suitable minibodies include antibody fragments 
such as Fab, Fab', F(ab')2, and Fv, and scFv (single-chain Fv), which can be prepared using antibody fragments, (Huston 
et al., Proc. Natl. Acad. Sci. USA (1 988) 85: 5879-83; Plickthun "The Pharmacology of Monoclonal Antibodies" Vol. 1 1 3, 
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Resenburg and Moore (eds.), Springer Verlag, New York, pp. 269-315, (1994)); diabodies (Holliger et al., Proc. Natl. 
Acad. Sci. USA (1 993) 90:6444-8; EP 404097; W093/1 1161; Johnson et al., Method in Enzymology (1 991 ) 203: 88-98; 
Holliger et al., Protein Engineering (1996) 9:299-305; Perisic et al., Structure (1994) 2:1217-26; John et al., Protein 
Engineering (1999) 12(7):597-604; Atwell et al., Mol. Immunol. (1996) 33:1301-12); sc(Fv)2 (Hudson et al, J Immunol. 
5 Methods (1999) 231:177-89; Orita et al., Blood (2005) 105:562-566); triabodies (Journal of Immunological Methods 
(1999) 231: 177-89); and tandem diabodies (Cancer Research (2000) 60:4336-41). 

[0091] An antibody fragment can be prepared by treating an antibody with an enzyme, for example, a protease such 
as papain or pepsin (see Morimoto et al., J. Biochem. Biophys. Methods (1992) 24: 107-17; Brennan et al., Science 

(1985) 229:81). Alternatively, antibody fragments can also be produced by genetic recombination based on its amino 
10 acid sequence. 

[0092] A minibody having a structure that results from modification of an antibody fragment can be prepared using 
antibody fragments obtained by enzyme treatment or genetic recombination. Alternatively, after constructing a gene 
which encodes a whole minibody, and introducing the construct into an expression vector, the minibody maybe expressed 
in appropriate host cells (see, for example, Co et al., J. Immunol. (1994) 152: 2968-76; Better and Horwitz, Methods 
15 Enzymol. (1 989) 1 78: 476-96; Pluckthun and Skerra, Methods Enzymol. (1 989) 1 78: 497-51 5; Lamoyi, Methods Enzymol. 

(1 986) 121: 652-63; Rousseaux et al., Methods Enzymol. (1 986) 121: 663-9; Bird and Walker, Trends Biotechnol. (1 991 ) 
9: 132-7). 

[0093] The above described scFVs are single-chain polypeptides that include two variable regions linked together via 
a linker or such, as required. The two variable regions in an scFv are typically one VH and one VL, but an scFv may 

20 include two VH or two VL. In general, scFv polypeptides include a linker between the VH and VL domains, thereby 
forming a paired portion of VH and VL required for antigen binding. A peptide linker composed of ten or more amino 
acids is typically used as the linker between VH and VL when forming an intramolecular paired portion between VH and 
VL. However, the linkers of the scFv of the present invention are not limited to such peptide linkers, so long as they do 
not inhibit the formation of an scFv. To review scFv, see Pluckthun "The Pharmacology of Monoclonal Antibody", Vol. 

25 113 (Rosenburg and Moore ed., Springer Verlag, NY, pp. 269-31 5 (1 994)). 

[0094] The term, "diabodies (Db)" refers to bivalent antibody fragments constructed by gene fusion (P. Holliger et al., 
Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993); EP 404,097; W093/1 1 161 and such). Diabodies are dimers composed 
of two polypeptide chains, wherein each polypeptide chain includes within the same chain a light chain variable region 
(VL) and a heavy chain variable region (VH) connected with a linker short enough to disable interaction of these two 

30 regions, for example a linker of about five amino acid residues. VL and VH encoded on the same polypeptide chain will 
form a dimer because the linker between VL and VH is too short to form a single chain V region fragment. Therefore, 
the resulting diabody has two antigen-binding sites. Herein, when VL and VH directed against two different epitopes (a 
and b) are expressed simultaneously as combinations of VLa-VHb and VLb-VHa connected with a linker of about five 
residues, they are secreted as bispecific Db. In this case, the two different epitopes may be epitopes at two different 

35 sites on the same antigen, or epitopes at two different sites, each on two different antigens. 

[0095] Since diabodies include two molecules of scFvs, they thus composed of four variable regions, and as a result 
have two antigen binding sites. When the objective is to form a diabody, unlike as in the case with scFvs that do not 
form dimers, ordinarily, linkers forming a connection between VH and VL in each scFv molecules are linkers of about 
five amino acids when used as peptide linkers. However, scFv linkers for diabody formation are not limited to such 

40 peptide linkers so long as they do not interfere with scFv expression and diabody formation. 

[0096] Examples of preferred polypeptides or heteromultimers subjected to the methods of the present invention 
include polypeptides or heteromultimers composed of antibody heavy chain variable regions and light chain variable 
regions. More preferably, preferred embodiments of the present invention are methods for regulating association when 
polypeptides or heteromultimers of the present invention include two or more types of heavy chain variable regions and 

45 two or more types of light chain variable regions. Such polypeptides or heteromultimers are preferably those that recognize 
two or more types of epitopes, and examples include multispecific antibodies. 

[0097] More preferably, examples of multispecific antibodies in the present invention include bispecific antibodies. 
[0098] More specifically, preferred embodiments of the present invention relate to, for example, methods for regulating 
association of bispecific antibodies composed of two types of heavy chain variable regions (first heavy chain and second 

50 heavy chain) and two types of light chain variable regions (first light chain and second light chain). 

[0099] Describing the "bispecific antibodies" of the preferred embodiments of the present invention more precisely, 
the above-mentioned "first heavy chain" refers to one of the two H chains forming the antibody, and the second H chain 
refers to the other H chain that is different from the first H chain. That is, of the two H chains, one of them can be arbitrarily 
defined as the first H chain and the other can be defined as the second H chain. Similarly, the "first light chain" refers 

55 to one of the two L chains forming the bispecific antibody, and the "second L chain" refers to the other L chain that is 
different from the first L chain. Of the two L chains, one of them can be arbitrarily defined as the first L chain and the 
other can be defined as the second L chain. Ordinarily, the first L chain and the first H chain are derived from the same 
antibody that recognizes a certain antigen (or epitope), and the second L chain and the second H chain are also derived 
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from the same antibody that recognizes a certain antigen (or epitope). Herein, the L chain-H chain pair formed by the 
first H chain and L chain is called as the first pair, and the L chain-H chain pair formed by the second H chain and L 
chain is called as the second pair. An antigen (or epitope) used to produce the antibody from which the second pair 
derives is preferably different from the antigen used to produce the antibody from which the first pair is derives. More 

5 specifically, antigens recognized by the first pair and the second pair may be the same but different antigens (or epitopes) 
are preferred to be recognized. Herein, the H chains and L chains of the first pair and second pair preferably have amino 
acid sequences that differ from each other. When the first pair and the second pair recognize different epitopes, the first 
and the second pair may recognize a completely different antigen, or they may recognize different sites (different epitopes) 
on the same antigen. Furthermore, one of them may recognize an antigen such as a protein, peptide, gene, or sugar, 

10 and the other may recognize cytotoxic substances such as radioactive substances, chemotherapeutic agents, or cell- 
derived toxins. However, when one wishes to produce an antibody having pairs formed by specific combinations of H 
chains and L chains, those specific H chains and L chains may be arbitrary determined to be the first pair and second pair. 
[0100] The above-mentioned "bispecific antibodies" are not necessarily limited to antibodies composed of two types 
of heavy chains and two types of light chains, and for example, they may be antibodies (for example, sc(Fv)2) having 

15 a structure in which two types of heavy chain variable regions and two types of light chain variable regions are linked to 
form a single chain. 

[0101] As for the genes encoding the H chain or L chain of antibodies before introduction of mutations by methods of 
the present invention (herein, it may be simply referred to as "an antibody of the present invention"), known sequences 
can be used, or they can be obtained by methods known to those skilled in the art. For example, they may be obtained 
20 from an antibody library, or they may be obtained by cloning genes encoding the antibody from hybridomas producing 
monoclonal antibodies. 

[01 02] Regarding antibody libraries, many antibody libraries are already well known, and since methods for producing 
antibody libraries are known, those skilled in the art can appropriately obtain antibody libraries. For example, regarding 
antibody phage libraries, one can refer to the literature such as Clackson et al., Nature 1991, 352: 624-8; Marks et al., 

25 j. Mol. Biol. 1 991 , 222: 581 -97; Waterhouses et al., Nucleic Acids Res. 1 993, 21 : 2265-6; Griffiths et al., EMBO J. 1 994, 
13: 3245-60; Vaughan et al., Nature Biotechnology 1996, 14: 309-14; and Japanese Patent Kohyo Publication No. (JP- 
A) H20-504970 (unexamined Japanese national phase publication corresponding to a non-Japanese international pub- 
lication). In addition, known methods, such as methods that use eukaryotic cells as libraries (W095/1 5393) and ribosome 
display methods, may be used. Furthermore, techniques to obtain human antibodies by panning using human antibody 

30 libraries are also known. For example, variable regions of human antibodies can be expressed on the surface of phages 
as single chain antibodies (scFvs) using phage display methods, and phages that bind to antigens can be selected. 
Genetic analysis of the selected phages can determine the DNA sequences encoding the variable regions of human 
antibodies that bind to the antigens. Once the DNA sequences of scFvs that bind to the antigens is revealed, suitable 
expression vectors can be produced based on these sequences to obtain human antibodies. These methods are already 

35 well known, and one can refer to WO92/01 047, WO92/20791 , WO93/0621 3, W093/1 1 236, W093/1 91 72, WO95/01 438, 
and W095/15388. 

[0103] As for methods for obtaining genes encoding antibodies from hybridomas, known techniques may be used, 
involving the use of desired antigens or cells expressing the desired antigens as sensitizing antigens, using these to 
perform immunizations according to conventional immunization methods, fusing the immune cells thus obtained with 
40 known parent cells by ordinary cell fusion methods, screening monoclonal antibody producing cells (hybridomas) by 
ordinary screening methods, synthesizing cDNAs of antibody variable regions (V regions) from mRNAs of the obtained 
hybridomas using reverse transcriptase, and linking them with DNAs encoding the desired antibody constant regions 
(C regions). 

[0104] More specifically, without being particular limited to the following examples, sensitizing antigens for obtaining 
45 the above-mentioned antibody genes encoding the H chains and L chains include both complete antigens with immu- 
nogenicity and incomplete antigens composed of haptens and such that do not show antigenicity. For example, full 
length proteins and partial peptides of proteins of interest can be used. In addition, it is known that substances composed 
of polysaccharides, nucleic acids, lipids, and such may become antigens. Thus, there are no particular limitations on 
antigens of the antibodies of the present invention. Antigens can be prepared by methods known to those skilled in the 
50 art, and they can be prepared, for example, by the following methods using baculoviruses (for example, W098/46777). 
Hybridomas can be produced, for example, the following methods of Milstein et al. (G. Kohler and C. Milstein, Methods 
Enzymol. 1 981 , 73: 3-46), and such. When the immunogenicity of an antigen is low, it can be linked to a macromolecule 
that has immunogenicity, such as albumin, and then used for immunization. Furthermore, by linking antigens with other 
molecules if necessary, they can be converted into soluble antigens. When transmembrane molecules such as receptors 
55 are used as antigens, portions of the extracellular regions of the receptors can be used as a fragment, or cells expressing 
transmembrane molecules on their cell surface may be used as immunogens. 

[01 05] Antibody-producing cells can be obtained by immunizing animals using suitable sensitizing antigens described 
above. Alternatively, antibody-producing cells can be prepared by In vitro immunization of lymphocytes that can produce 
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antibodies. Various mammals can be used as the animals for immunization, where rodents, lagomorphas and primates 
are generally used. Examples of such animals include mice, rats, and hamsters for rodents, rabbits for lagomorphas, 
and monkeys including the cynomolgus monkey, rhesus monkey, hamadryas, and chimpanzees for primates. In addition, 
transgenic animals carrying human antibody gene repertoires are also known, and human antibodies can be obtained 

5 by using these animals (see WO96/34096; Mendez et al., Nat. Genet. 1 997, 15: 1 46-56). Instead of using such transgenic 
animals, for example, desired human antibodies having binding activity against antigens can be obtained by in vitro 
sensitization of human lymphocytes with desired antigens or cells expressing the desired antigens, and then fusing the 
sensitized lymphocytes with human myeloma cells such as U266 (see Japanese Patent Application Kokoku Publication 
No. (JP-B) H1 -59878 (examined, approved Japanese patent application published for opposition)). Furthermore, desired 

10 human antibodies can be obtained by immunizing transgenic animals carrying a complete repertoire of human antibody 
genes, with desired antigens (see W093/12227, WO92/03918, WO94/02602, WO96/34096, and W096/33735). 
[0106] Animal immunization can be carried out by appropriately diluting and suspending a sensitizing antigen in 
Phosphate-Buffered Saline (PBS), physiological saline, or such, and forming an emulsion by mixing an adjuvant if 
necessary, followed by an intraperitoneal or subcutaneous injection into animals. After that, the sensitizing antigen mixed 

15 with Freund's incomplete adjuvant is preferably administered several times every four to 21 days. Antibody production 
can be confirmed by measuring the target antibody titer in animal sera using conventional methods. 
[01 07] Antibody-producing cells obtained from lymphocytes or animals immunized with a desired antigen can be fused 
with myeloma cells to generate hybridomas using conventional fusing agents (for example, polyethylene glycol) (Goding, 
Monoclonal Antibodies: Principles and Practice, Academic Press, 1986, 59-103). When required, hybridoma cells can 

20 be cultured and grown, and the binding specificity of the antibody produced from these hybridomas can be measured 
using known analysis methods, such as immunoprecipitation, radioimmunoassay (RIA), and enzyme-linked immuno- 
sorbent assay (ELISA). Thereafter, hybridomas that produce antibodies of interest whose specificity, affinity, or activity 
has been determined can be subcloned by methods such as limiting dilution. 

[0108] Next, genes encoding the selected antibodies can be cloned from hybridomas or antibody-producing cells 

25 (sensitized lymphocytes, and such) using probes that may specifically bind to the antibodies (for example, oligonucle- 
otides complementary to sequences encoding the antibody constant regions). Cloning from mRNA using RT-PCR is 
also possible. Immunoglobulins are classified into five different classes, IgA, IgD, IgE, IgG, and IgM. These classes are 
further divided into several subclasses (isotypes) (for example, lgG-1, lgG-2, lgG-3, and lgG-4; lgA-1 and lgA-2; and 
such). H chains and L chains used in the present invention to produce antibodies are not particularly limited and may 

30 derive from antibodies belonging to any of these classes or subclasses; however, IgG is particularly preferred. 

[01 09] Herein, it is possible to modify H-chain-encoding genes and L-chain-encoding genes using genetic engineering 
techniques. Genetically modified antibodies, such as chimeric antibodies, humanized antibodies that have been artificially 
modified for the purpose of decreasing heterologous antigenicity and such against humans, can be appropriately pro- 
duced if necessary for antibodies such as mouse antibodies, rat antibodies, rabbit antibodies, hamster antibodies, sheep 

35 antibodies, and camel antibodies. Chimeric antibodies are antibodies composed of a nonhuman mammal antibody H 
chain and L chain variable regions, such as mouse antibody, and the H chain and L chain constant regions of human 
antibody. They can be obtained by ligating the DNA encoding a variable region of a mouse antibody to the DNA encoding 
a constant region of a human antibody, incorporating them into an expression vector, and introducing the vector into a 
host for production of the antibody. A humanized antibody, which is also called a reshaped human antibody, can be 

40 synthesized by PCR from a number of oligonucleotides produced so that they have overlapping portions at the ends of 
DNAsequences designed to linkthecomplementarity determining regions (CDRs)of an antibody of a nonhuman mammal 
such as a mouse. The obtained DNA can be ligated to a DNA encoding a human antibody constant region. The ligated 
DNA can be incorporated into an expression vector, and the vector can be introduced into a host to produce the antibody 
(see EP239400 and WO96/02576). Human antibody FRs that are ligated via the CDR are selected when the CDR forms 

45 a favorable antigen-binding site. If necessary, amino acids in the framework region of an antibody variable region may 
be substituted such that the CDR of the reshaped human antibody forms an appropriate antigen-binding site (K. Sato 
et al., Cancer Res. 1993, 53: 851-856). 

[0110] In addition to the humanization techniques described above, antibodies may be modified to improve their 
biological properties, for example, antigenic affinity. Such modifications can be carried out using methods such as site- 
so directed mutagenesis (see for example, Kunkel (1985) Proc. Natl. Acad. Sci. USA 82: 488), PCR mutagenesis, and 
cassette mutagenesis. In general, mutant antibodies whose biological properties have been improved show amino acid 
sequence homology and/or similarity of 70% or higher, more preferably 80% or higher, and even more preferably 90% 
or higher (for example, 95% or higher, 97%, 98%, 99%, etc.), when compared to the amino acid sequence of the original 
antibody variable region. Herein, sequence homology and/or similarity is defined as the ratio of amino acid residues that 
55 are homologous (same residue) or similar (amino acid residues classified into the same group based on the general 
properties of amino acid side chains) to the original antibody residues, after the sequence homology value has been 
maximized by sequence alignment and gap introduction, if necessary. Generally, naturally-occurring amino acid residues 
are classified into groups based on the characteristics of their side chains: (1 ) hydrophobic: alanine, isoleucine, norleucine, 
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valine, methionine, and leucine; (2) neutral hydrophilic: asparagine, glutamine, cysteine, threonine, and serine; (3) acidic: 
aspartic acid, and glutamic acid; (4) basic: arginine, histidine, and lysine; (5) residues that affect the orientation of the 
chain: glycine, and proline; and (6) aromatic: tyrosine, tryptophan, and phenylalanine. 

[01 1 1] Ordinarily, a total of six complementarity determining regions (CDRs; hypervariable regions) present in the H 
5 chain and L chain variable regions interact to form the antigen binding site(s) of an antibody. Even one of these variable 

regions is known to have the ability to recognize and bind to the antigen, although the affinity will be lower than when 

all binding sites are included. Therefore, antibody genes of the present invention encoding the H chain and L chain only 

have to encode fragment portions having each of the antigen binding sites of H chain and L chain, and polypeptides 

encoded by these genes only have to maintain affinity with the desired antigens. 
10 [01 12] The methods of the present invention for regulating association, allow one to preferentially (efficiently) obtain, 

for example, the desired bispecific antibodies as described above. More specifically, desired bispecific antibodies which 

are heteromultimers can be efficiently formed from a mixture of monomers. 

[01 1 3] Herein below, the case of IgG-type bispecific antibodies composed of two types of heavy chain variable regions 
(VH1 and VH2) and two types of light chain variable regions (VL1 and VL2) are described in detail; however, the methods 

15 of the present invention can be applied similarly to other heteromultimers. 

[01 14] When one wishes to obtain a bispecific antibody that recognizes one of the epitopes with a first heavy chain 
variable region (VH1) and a first light chain variable region (VL1) and the other epitope with a second heavy chain 
variable region (VH2) and a second light chain variable region (VL2), expressing each of the four types of chains to 
produce this antibody may theoretically produce 10 types of antibody molecules. 

20 [0115] In this case, the desired antibody molecule can be preferentially obtained if the regulation is carried out in a 
manner to inhibit the association between polypeptides, for example, VH1 and VL2 and/or VH2 and VL1 . 
[0116] An example includes modifying amino acid residues forming the interfaces between the polypeptide of VH1 
and the polypeptide of VL2, and/or the polypeptide of VH2 and the polypeptide of VL1 as described above so as to inhibit 
the associations between these polypeptides. 

25 [0117] Furthermore, associations between the heavy chains (VH1 and VH2) or between the light chains (VL1 and 
VL2) can also be suppressed using the methods of the present invention for regulating association. 
[0118] Heavy chain variable regions are ordinarily composed of three CDR regions and FR regions as described 
above. In a preferred embodiment of the present invention, amino acid residues subjected to "modification" can be 
appropriately selected from among amino acid residues positioned in the CDR regions or FR regions. Generally, mod- 

30 ification of the amino acid residues in the CDR regions can decrease affinity towards antigens. Therefore, in the present 
invention, amino acid residues subjected to "modification" are not particularly limited but are preferred to be appropriately 
selected from among amino acid residues positioned in the FR regions. 

[01 19] As for the desired polypeptides whose association is to be regulated by the methods of the present invention, 
those skilled in the art can appropriately find out the types of amino acid residues that come close to each other at the 

35 interface of FRs during association. 

[0120] Furthermore, sequences that can be used as variable region FRs of the antibodies of organisms, such as 
humans or mice, can be appropriately obtained by those skilled in the art using public databases. More specifically, 
amino acid sequence information of the FR regions can be obtained by means described later in the Examples. 
[0121] Specific examples of amino acid residues that come close to each other atthe interface of FRs during association 

40 in the bispecific antibodies indicated in the following Examples include glutamine (Q) at position 39 in the heavy chain 
variable region (FR2 region) (for example, at position 39 in the amino acid sequence of SEQ I D NO: 6), and the opposing 
(contacting) glutamine (Q) at position 38 on the light chain variable region (FR2 region) (for example, at position 44 in 
the amino acid sequence of SEQ ID NO: 8). Furthermore, favorable examples include leucine (L) at position 45 in the 
heavy chain variable region (FR2) (for example, at position 45 in the amino acid sequence of SEQ ID NO: 6), and the 

45 opposing proline (P) at position 44 in the light chain variable region (FR2) (for example, at position 50 in the amino acid 
sequence of SEQ ID NO: 8). These positions are numbered according to the document by Kabat et al. (Kabat EA et al. 
1991. Sequence of Proteins of Immunological Interest. NIH). 

[0122] As indicated in the following Examples, desired antibodies can be preferentially obtained by modifying these 
amino acid residues and performing the methods of the present invention. 
50 [0123] Since these amino acid residues are known to be highly conserved in humans and mice (J. Mol. Recognit. 
2003; 16:11 3-1 20), association of antibody variable regions can be regulated for VH-VL association of antibodies other 
than those indicated in the Examples by modifying amino acid residues corresponding to the above-mentioned amino 
acid residues. 

[0124] More specifically, in a preferred embodiment, the present invention provides antibodies (polypeptides (for 
55 example, sc(Fv)2), heteromultimers (for example IgG-type antibodies or such) composed of heavy chain variable regions 
and light chain variable regions, which are antibodies whose amino acid residues of (1 ) and (2), or (3) and (4) described 
below carry the same kind of charges: 
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(1 ) an amino acid residue which is included in the heavy chain variable region and corresponds to position 39 in the 
amino acid sequence of SEQ ID NO: 6; 

(2) an amino acid residue which is included in the light chain variable region and corresponds to position 44 in the 
amino acid sequence of SEQ ID NO: 8; 

5 (3) an amino acid residue which is included in the heavy chain variable region and corresponds to position 45 in the 

amino acid sequence of SEQ ID NO: 6; and 

(4) an amino acid residue which is included in the light chain variable region and corresponds to position 50 in the 
amino acid sequence of SEQ ID NO: 8. 

10 [01 25] The amino acid sequences of SEQ I D NOs: 6 and 8 are mentioned above to exemplify a more specific example 
of the positions of the amino acid residues that are subjected to modification in the present invention. Accordingly, the 
present invention is not limited to cases where the heavy chain variable regions or light chain variable regions have 
these amino acid sequences. 

[0126] Each of the amino acid residues of (1) and (2), and (3) and (4) mentioned above come close to each other 
15 during association as indicated in Fig. 1 and in the following Examples. Those skilled in the art can identify the positions 
corresponding to the above-mentioned amino acid residues of (1) to (4) in the desired heavy chain variable regions or 
light chain variable regions using homology modeling and such, using commercially available softwares. Once identified, 
the amino acid residues of these positions can be appropriately subjected to modification. 

[0127] In the antibodies mentioned above, "charged amino acid residues" are preferably selected, for example, from 
20 amino acid residues included in either one of the following groups: 



(a) glutamic acid (E) and aspartic acid (D); and 

(b) lysine (K), arginine (R), and histidine (H). 



25 [01 28] Furthermore the present invention provides antibodies (polypeptides, heteromultimers, and such) having heavy 
chain variable regions and light chain variable regions, in which either one of the amino acid residues of the following 
(3) or (4) is a charged amino acid residue. The side chains of the amino acid residues indicated in (3) and (4) shown 
below may come close to each other to form a hydrophobic core: 

30 (3) an amino acid residue which is included in the heavy chain variable region and corresponds to position 45 in the 

amino acid sequence of SEQ ID NO: 6; and 

(4) an amino acid residue which is included in the light chain variable region and corresponds to position 50 in the 
amino acid sequence of SEQ ID NO: 8. 

35 [0129] In the above-mentioned antibodies, "charged amino acid residues" are preferably, for example, glutamic acid 
(E), aspartic acid (D), lysine (K), arginine (R), or histidine (H). 

[0130] Ordinarily, the above-mentioned amino acid residues of (1) to (4) are (1) glutamine (Q), (2) glutamine (Q), (3) 
leucine (L), and (4) proline (P), respectively, in humans and mice. Therefore, in preferred embodiments of the present 
invention, these amino acid residues are subjected to modification (for example, substitution to charged amino acids). 

40 The types of the above-mentioned amino acid residues of (1 ) to (4) are not necessarily limited to the above-mentioned 
amino acid residues, and may be other amino acids that correspond to these amino acids. For example, in the case of 
humans, an amino acid on the light chain variable region corresponding to position 44 in the amino acid sequence of 
SEQ ID NO: 8 may be, for example, histidine (H). Those skilled in the art can find out the type of amino acid residue 
corresponding to any position on SEQ ID NO: 8 by referring to disclosed publications and such (for example, J. Mol. 

45 Recognit. 2003; 16:113-120), and can appropriately modify these amino acid residues (for example, substitution to 
charged amino acids). 

[0131] Methods for producing the above-mentioned antibodies, and methods of the present invention for regulating 
association which feature modifying the amino acid residues of (1 ) to (4) mentioned above are also preferred embodiments 
of the present invention. 

50 [0132] In another embodiment, the present invention provides methods for suppressing association between heavy 
chains or between a heavy chain and a light chain by introducing electrostatic repulsion to the interface of the heavy 
chain or light chain constant region. Examples of amino acid residues contacting each other at the interface of heavy 
chain constant regions include regions corresponding to positions 377 (356) and 470 (439), positions 378 (357) and 393 
(370), and positions 427 (399) and 440 (409) in the CH3 region. Examples of amino acid residues that contact each 

55 other at the interface between a heavy chain constant region and a light chain constant region include regions corre- 
sponding to position 221 (position 213) of the CH1 region and position 123 of the CL region. Numbering in the antibody 
constant regions is based on the document by Kabat etal. (Kabat EA et al. 1 991 . Sequences of Proteins of Immunological 
Interest. NIH), and the EU numbering is shown in parenthesis for the heavy chain constant regions. 
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[0133] As indicated in the following Examples, association of antibody heavy chains will be regulated and desired 
antibodies can be preferentially obtained by modifying these amino acid residues and performing the methods of the 
present invention. 

[0134] More specifically, in a preferred embodiment, the present invention provides antibodies having two or more 
5 types of heavy chain CH3 regions and Fc region-binding proteins (for example, IgG-type antibodies, minibodies (Alt M 
et al. FEBS Letters 1 999; 454: 90-94), immunoadhesin (Non-Patent Document 2), and such), in which one to three pairs 
of amino acid residues in the first heavy chain CH3 region, selected from the pairs of amino acid residues indicated in 
(1 ) to (3) below, carry the same type of charge: 

10 (1) amino acid residues included in the heavy chain CH3 region at positions 356 and 439 according to the EU 

numbering system; 

(2) amino acid residues included in the heavy chain CH3 region at positions 357 and 370 according to the EU 
numbering system; and 

(3) amino acid residues included in the heavy chain CH3 region at positions 399 and 409 according to the EU 
15 numbering system. 

[0135] In a more preferred embodiment, the present invention provides an antibody in which pairs of the amino acid 
residues in the second heavy chain CH3 region that are different from the first heavy chain CH3 region mentioned above, 
are selected from the aforementioned pairs of amino acid residues of (1 ) to (3) wherein the one to three pairs of amino 
20 acid residues corresponding to the aforementioned pairs of amino acid residues of (1) to (3) carrying the same type of 
charge in the first heavy chain CH3 region mentioned above, carry opposite charges from the corresponding amino acid 
residues in the first heavy chain CH3 region mentioned above. 

[0136] Each of the amino acid residues indicated above in (1) to (3) come close to each other during association, as 
shown in Fig. 27 and in the Examples described below. Those skilled in the art can find out the positions corresponding 
25 to the above-mentioned amino acid residues of (1) to (3) in a desired heavy chain CH3 region or heavy chain constant 
region by homology modeling and such using commercially available software, and amino acid residues of these positions 
can be appropriately subjected to modification. 

[0137] In the antibodies mentioned above, "charged amino acid residues" are preferably selected, for example, from 
amino acid residues included in either one of the following groups: 

30 

(a) glutamic acid (E) and aspartic acid (D); and 

(b) lysine (K), arginine (R), and histidine (H). 

[0138] In the above-mentioned antibodies, the phrase "carrying the same charge" means, for example, that all of the 
35 two or more amino acid residues composed of the amino acid residues included in either one of (a) or (b) mentioned 
above. The phrase "carrying opposite charges" means, for example, that when at least one of the amino acid residues 
among two or more amino acid residues is composed of amino acid residues included in either one of the above- 
mentioned groups of (a) or (b), and the remaining amino acid residues are composed of the amino acid residues included 
in the other group. 

40 [0139] In a preferred embodiment, the antibodies mentioned above may have their first heavy chain CH3 region and 
second heavy chain CH3 region crosslinked by disulfide bonds. 

[0140] In the present invention, amino acid residues subjected to "modification" are not limited to the above-mentioned 
amino acid residues of the antibody variable regions or the antibody constant regions. Those skilled in the art can identify 
the amino acid residues that form the interface in mutant polypeptides or heteromultimers using homology modeling 
45 and such, using commercially available software; amino acid residues of these positions can then be subjected to 
modification so as to regulate the association. 

[0141] The methods of the present invention, although not mandatory, can be carried out in combination with known 
techniques. For example, in addition to "modifications" of the present invention to promote association between VH1 
and VL1, and/or VH2 and VL2, substitution of an amino acid side chain present in one of the H chain variable regions 
50 to a larger side chain (knob) and substitution of the opposing amino acid side chain present in the variable region of the 
other H chain to a smaller side chain (hole) promotes association between VH1 and VL1 , and/or VH2 and VL2 such that 
the knob is placed into the hole. As a result, the association between polypeptides VH1 and VL2, and/or VH2 and VL1 
can be further suppressed. 

[0142] The methods of the present invention for regulating association can be carried out suitably when preferentially 
55 (efficiently) obtaining desired sc(Fv)2s. Hereinafter, the case of sc(Fv)2 composed of two types of heavy chain variable 
regions (H1 and H2) and two types of light chain variable regions (L1 and L2) will be described more precisely as an 
example. 

[0143] Generally, sc(Fv)2 is a single chain polypeptide in which two heavy chain variable regions (VH1 and VH2) and 
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two light chain variable regions (VL1 and VL2) are linked by linkers. More specifically, sc(Fv)2 is a minibody in which 
four antibody variable regions are linked with a linker and such to produce a single chain. Ordinarily, sc(Fv)2 is an 
antibody in which four variable regions, two light chain variable regions and two heavy chain variable regions, are linked 
by linkers to produce a single chain (Hudson et al., J. Immunol. Methods 1 999; 231 :1 77-1 89). 
5 [01 44] sc(Fv)2 can be produced by methods known to those skilled in the art, for example, by linking scFvs with linkers. 
scFv includes antibody VH and VL, and these regions are present in a single polypeptide chain (for a review on scFv, 
see Pluckthun "The Pharmacology of Monoclonal Antibodies" Vol.1 1 3 (Rosenburg and Moore ed. (Springer Verlag, New 
York) pp.269-315, 1994). 

[0145] An antibody in which two VHs and two VLs are arranged in the order of VH, VL, VH, VL ([VH] linker [VL] linker 
10 [VH] linker [VL]) starting from the N-terminal side of a single chain polypeptide is preferred. 

[0146] The order of the two VHs and the two VLs is not particularly limited to the above-mentioned arrangement and 

may be in any order, including for example, the following arrangements. 

[VL] linker [VH] linker [VH] linker [VL] 

[VH] linker [VL] linker [VL] linker [VH] 
15 [VH] linker [VH] linker [VL] linker [VL] 

[VL] linker [VL] linker [VH] linker [VH] 

[VL] linker [VH] linker [VL] linker [VH] 

[0147] sc(Fv)2 may also include amino acid sequences other than those of the antibody variable regions and linkers. 
[01 48] The variable regions of the above-mentioned antibodies may be full-length variable regions or partial sequences 
20 of the variable regions, so long as the affinity to antigens is maintained. Furthermore, the amino acid sequences in the 
variable regions may contain substitutions, deletions, additions, insertions, or such. For example, they may be converted 
to chimeric or humanized antibodies to decrease antigenicity. 

[0149] Arbitrary peptide linkers or synthetic linker compounds that can be introduced by genetic engineering (for 
example, see disclosed in Protein Engineering, 9(3), 299-305, 1 996) can be used as linkers that link the variable regions 

25 of an antibody, but peptide linkers are preferred in the present invention. The length of the peptide linkers is not particularly 
limited, and can be suitably selected according to the purpose by those skilled in the art. The length is preferably twelve 
amino acids or more (with no particular upper limit, normally 30 amino acids or less, and preferably 20 amino acids or 
less), and particularly preferably 15 amino acids. When three peptide linkers are included in sc(Fv)2, all of the peptide 
linkers used may have the same length, or peptide linkers of different lengths may be used. 

30 [0150] Examples of peptide linkers include: 

Ser 

GlySer 

GlyGlySer 
35 Ser-GlyGly 

GlyGlyGlySer 

Ser-GlyGlyGly 

Gly-Gly-Gly-Gly-Ser 

Ser-GlyGlyGlyGly 
^o GlyGlyGlyGlyGlySer 

Ser-Gly-Gly-Gly-Gly-Gly 

Gly-Gly-Gly-Gly-Gly-Gly-Ser 

Ser-Gly-Gly-Gly-Gly-Gly-Gly 

(GlyGlyGlyGlySer)n 
45 (Ser-GlyGlyGlyGly)n 

[where n is an integer of 1 or more]. However, the length and sequence of the peptide linkers can be suitably selected 
according to the purpose by those skilled in the art. 

[0151] Preferred embodiments of sc(Fv)2 include for example the following sc(Fv)2: [VH] peptide linker (15 amino 

50 acids) [VL] peptide linkers (15 amino acids) [VH] peptide linkers (15 amino acids) [VL]. 

[0152] Synthetic linkers (chemical crosslinking agents) that can be used include crosslinking agents that are routinely 
used to crosslink peptides, for example, N-hydroxy succinimide (NHS), disuccinimidyl suberate (DSS), bis(succinimidyl) 
suberate (BS 3 ), dithiobis(succinimidyl propionate) (DSP), dithiobis(succinimidyl propionate) (DTSSP), ethylene glycol 
bis(succinimidyl succinate) (EGS), ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS), disuccinimidyl tartrate 

55 (DST), disulfosuccinimidyl tartrate (sulfo-DST), bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES), and bis 
[2-(succinimidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES). These crosslinking agents are commercially available. 
[0153] Ordinarily, three linkers are required to link four antibody variable regions together and the linkers to be used 
may all be of the same type or different types. 
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[0154] Furthermore, for example, single chain diabody-type and bivalent scFv-type exist as conformational isomers 
of sc(Fv)2. 

[0155] When the arrangement in sc(Fv)2 is in the order [variable region 1] (linker 1) [variable region 2] (linker 2) 
[variable region 3] (linker 3) [variable region 4], bivalent scFv-type in the present invention refers to sc(Fv)2 having a 

5 structure in which variable region 1 and variable region 2 are associated, as well as variable region 3 and variable region 
4 are associated. In the present invention, single chain diabody-type refers to sc(Fv)2 having a structure in which variable 
region 1 and variable region 4 are associated, as well as variable region 2 and variable region 3 are associated. 
[0156] An example of a single chain diabody-type is an sc(Fv)2 having the structure shown on the right in Fig. 12(b), 
and an example of a bivalent scFv-type is an sc(Fv)2 having the structure shown on the left in Fig. 12(b). 

10 [01 57] Whether an sc(Fv)2 has a single chain diabody-type structure or a bivalent scFv-type structu re can be analyzed, 
for example, by protease-limited proteolysis. For example, the analysis can be carried out by a method such as the 
following. 

[0158] Limited proteolysis of a test sc(Fv)2 is carried out using subtilisin A, a type of protease that can partially and 
restrictively degrade the linker portions of an sc(Fv)2. 
15 [0159] When the sc(Fv)2 is the single chain diabody-type, no matter which linker among the three linkers possessed 
by the sc(Fv)2 is cleaved, the apparent molecular weight will not change due to interaction between the VH and VL. 
[0160] On the other hand, when the sc(Fv)2 is a bivalent scFv-type, molecular species having half of the original 
molecular weight will be produced when the central linker is cleaved. 

[0161 ] Therefore, the bivalent scFv-type and single chain diabody-type can be differentiated by analyzing the reaction 
20 products. 

[0162] The reaction products can be analyzed, for example, by gel filtration chromatography. Furthermore, using 
chromatography, the proportions of bivalent sc(Fv)2 and single chain diabody conformations present in sc(Fv)2 can be 
evaluated quantitatively based on peak areas. 

[0163] The methods of the present invention for regulating association can be suitably used for the above-mentioned 
25 sc(Fv)2 when one wishes to preferentially obtain the desired form, that is either one the single chain diabody-form or 
bivalent scfv-form. 

[0164] More specifically, when sc(Fv)2 has the structure VH1 -(linker)-VLI -(linker)-VH2-(linker)-VL2, and one wishes 
to preferentially obtain bivalent scFv-type sc(Fv)2 using the methods of the present invention for regulating association, 
it is necessary to only suppress the association, for example, between VH1 and VL2, and/or VH2 and VL1 (For example, 
30 mutations are introduced so that amino acid residues forming the interface between VH1 and VL2 will carry the same 
type of charge). 

[0165] Alternatively, when one wishes to preferentially obtain single-chain diabody type sc(Fv)2, it is necessary to 
only inhibit the association, for example, between VH1 and VL1, and/or VH2 and VL2 (For example, mutations are 
introduced so that amino acid residues forming the interface between VH1 and VL1 will carry the same type of charges). 
35 [0166] The present invention can also be carried out similarly when sc(Fv)2 is a monospecific antibody. 

[0167] In addition to these techniques, each of the VH and VL domains can be cross linked by disulfide bonds (Clin. 
Cancer Res. 1996 Feb; 2(2):245-52). 

[0168] The methods of the present invention for regulating association allow, for example, for the efficient production 
of antibodies or polypeptides that are active. Examples of such activities include binding activity, neutralizing activity, 

40 cytotoxic activity, agonist activity, antagonist activity, and enzyme activity and such. Agonist activity is an activity that 
induces some kind of changes in physiological activity through binding of an antibody to an antigen, such as a receptor, 
which causes signal transduction or such in cells. Examples of the physiological activity include growth activity, survival 
activity, differentiation activity, transcriptional activity, membrane transport activity, binding activity, proteolytic activity, 
phosphorylation/dephosphorylation activity, redox activity, transfer activity, nucleolytic activity, dehydration activity, cell 

45 death-inducing activity, and apoptosis-inducing activity and such, but are not limited thereto. 

[01 69] Antibodies or polypeptides that recognize the desired antigens or bind to the desired receptors can be produced 
efficiently by the methods of the present invention. 

[0170] The antigens are not particularly limited, and any type of antigen can be used. Examples of antigens include 
receptors or their fragments, cancer antigens, MHC antigens, and differentiation antigens and the like, but are not 

50 particularly limited thereto. 

[0171] Examples of the receptors include receptors belonging to the hematopoietic factor receptor family, cytokine 
receptor family, tyrosine kinase-type receptor family, serine/threonine kinase-type receptor family, TNF receptor family, 
G protein-coupled receptor family, GPI-anchored receptor family, tyrosine phosphatase-type receptor family, adhesion 
factor family, hormone receptor family, and such. Reports on the receptors belonging to these receptor families and their 

55 characteristics can be found in various sources of documents, for example, in Cooke BA., King RJB., van der Molen HJ. 
ed. New Comprehensive Biochemistry Vol.1 8B "Hormones and their Actions Part II" pp. 1-46 (1988) Elsevier Science 
Publishers BV., New York, USA; Patthy L. (1990) Cell, 61: 13-14; Ullrich A., et al. (1990) Cell, 61: 203-212; Massagul 
J. (1 992) Cell, 69: 1 067-1 070; Miyajima A., et al. (1 992) Annu. Rev. Immunol., 1 0: 295-331 ; Taga T. and Kishimoto T. 
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(1992) FASEB J., 7: 3387-3396; Fantl Wl., et al. (1993) Annu. Rev. Biocheim., 62: 453-481; Smith CA., et al. (1994) 
Cell, 76: 959-962; Flower DR. (1 999) Biochim. Biophys. Acta, 1 422: 207-234; Miyasaka M. ed. Cell Technology, Handbook 
Series "Handbook for adhesion factors" (1994) Shujunsha, Tokyo, Japan; and such. Examples of specific receptors 
belonging to the above-mentioned receptor families include human or mouse erythropoietin (EPO) receptor, human or 

5 mouse granulocyte-colony stimulating factor (G-CSF) receptor, human or mouse thrombopoietin (TPO) receptor, human 
or mouse insulin receptor, human or mouse Flt-3 ligand receptor, human or mouse platelet-derived growth factor (PDGF) 
receptor, human or mouse interferon (IFN)-oc or -p receptor, human or mouse leptin receptor, human or mouse growth 
hormone (GH) receptor, human or mouse interleukin (IL)-1 0 receptor, human or mouse insulin-like growth factor (IGF)-I 
receptor, human or mouse leukemia inhibitory factor (LIF) receptor, and human or mouse ciliary neurotrophic factor 

10 (CNTF) receptor (hEPOR: Simon, S. et al. (1 990) Blood 76, 31 -35; mEPOR: D'Andrea, AD. et al. (1 989) Cell 57, 277-285; 
hG-CSFR: Fukunaga, R. et al. (1 990) Proc. Natl. Acad. Sci. USA. 87, 8702-8706; mG-CSFR: Fukunaga, R. et al. (1 990) 
Cell 61, 341-350; hTPOR: Vigon, I. et al. (1992) 89, 5640-5644.; mTPOR: Skoda, RC. et al. (1993) 12, 2645-2653; 
hlnsR: Ullrich, A. etal. (1985) Nature 31 3, 756-761 ; hFlt-3: Small, D. etal. (1 994) Proc. Natl. Acad. Sci. USA. 91 , 459-463; 
hPDGFR: Gronwald, RGK. et al. (1988) Proc. Natl. Acad. Sci. USA. 85, 3435-3439; hi FN oc/p R: Uze, G. et al. (1990) 

15 Cell 60, 225-234; and Novick, D. et al. (1994) Cell 77, 391-400). 

[0172] Cancer antigens are antigens that are expressed as cells become malignant, and are also called tumor-specific 
antigens. Furthermore, abnormal sugar chains that appear on cell surfaces and protein molecules when the cells become 
cancerous are also cancer antigens and are specifically called as carcinoma associated carbohydrate antigen. Examples 
of cancer antigens include CA19-9, CA15-3, and sialyl SSEA-1 (SLX). 

20 [0173] MHC antigens can be classified broadly into MHC class I antigens and MHC class II antigens: MHC class I 
antigens include HLA-A, -B, -C, -E, -F, -G, and -H; and MHC class II antigens include HLA-DR, -DQ, and -DP. 
[0174] Differentiation antigens include CD1 , CD2, CD3, CD4, CD5, CD6, CD7, CD8, CD10, CD11a, CD11b, CD11c, 
CD13, CD14, CD15s, CD16, CD18, CD19, CD20, CD21, CD23, CD25, CD28, CD29, CD30, CD32, CD33, CD34, CD35, 
CD38, CD40, CD41a, CD41b, CD42a, CD42b, CD43, CD44, CD45, CD45RO, CD48, CD49a, CD49b, CD49c, CD49d, 

25 CD49e, CD49f, CD51, CD54, CD55, CD56, CD57, CD58, CD61, CD62E, CD62L, CD62P, CD64, CD69, CD71, CD73, 
CD95, CD102, CD106, CD122, CD126, and CDw130. 

[01 75] The present invention also provides for mutant polypeptides or heteromultimers whose association is regulated 
by the methods of the present invention. More specifically, the present invention relates to polypeptides or heteromultimers 
that are obtained by methods of the present invention for regulating associations. 
30 [0176] Preferred embodiments of the present invention provide mutant polypeptides that have modifications made to 
the amino acid residues that form the interface in the original polypeptides so as to inhibit the association within the 
polypeptides. 

[0177] Other embodiments of the present invention provide heteromultimers that have modifications made to amino 
acid residues forming the interface between the original polypeptides such that the association between the polypeptides 
35 is inhibited. 

[0178] In the present invention, the phrase "original polypeptides" refer to polypeptides in the condition before modi- 
fication by the methods of the present invention where association is regulated. 

[0179] An example of the above-mentioned mutant polypeptides of the present invention is a mutant in which the 
original polypeptide can form two types of conformational isomers. Furthermore, an example of the above-mentioned 

40 heteromultimers is a multimer in which the original polypeptide can form two or more types of multimers. 

[0180] Mutant polypeptides or heteromultimers whose association is regulated by the above-mentioned methods of 
the present invention for regulating association are also included in the present invention. More specifically, in preferred 
embodiments of the above-described methods for regulating association, a polypeptide or heteromultimer whose asso- 
ciation is regulated is also a preferred embodiment of the present invention. 

45 [01 81 ] The present invention also provides methods for producing polypeptides or heteromultimers in which association 
of polypeptides or heteromultimers is regulated. 

[0182] Preferred embodiments of the production methods of the present invention provides methods for producing 
polypeptides having mutations in the amino acid residues forming the interface in the polypeptides so that polypeptide 
association is regulated, wherein the methods for producing the mutant polypeptides include the steps of: 

50 

(a) modifying nucleic acids encoding the amino acid residues that form an interface in the polypeptides from the 
original nucleic acids, so as to inhibit the association in the polypeptides; 

(b) culturing host cells so that these nucleic acids are expressed; and 

(c) recovering the polypeptides from the host cell culture. 

55 

[0183] In other embodiments, the present invention provides methods for producing heteromultimers whose amino 
acid residues that form the interface between polypeptides have mutations that allow for the regulation of the heterom- 
ultimer association, wherein the methods for producing heteromultimers include the steps of: 
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(a) modifying nucleic acids encoding the amino acid residues forming an interface between polypeptides from the 
original nucleic acids, so as to inhibit the association between the polypeptides; 

(b) culturing host cells so that these nucleic acids are expressed; and 

(c) recovering the heteromultimers from the host cell culture. 

5 

[0184] A method including the step of using the above-described methods of the present invention for regulating 
association to modify nucleic acids encoding amino acid residues forming the interface in (between) polypeptides from 
the original nucleic acids so that polypeptide association will be inhibited is also a preferred embodiment of the above- 
mentioned production methods of the present invention. 

10 [0185] The phrase "modify nucleic acids" in the above-mentioned methods of the present invention refers to modifying 
nucleic acids so that they correspond to amino acid residues introduced by the "modifications" of the present invention. 
More specifically, it refers to modifying the nucleic acids encoding the original (pre-modified) amino acid residues to the 
nucleic acids encoding the amino acid residues that are to be introduced by the modification. Ordinarily, it means 
performing gene manipulations or mutation treatment that would result in at least one nucleotide insertion, deletion, or 

15 substitution to the original nucleic acid so that codons encoding amino acid residues of interest is formed. More specifically, 
codons encoding the original amino acid residues are substituted with codons encoding the amino acid residues that 
are to be introduced by the modification. Such nucleic acid modification can be performed suitably by those skilled in 
the art using known techniques such as site-specific mutagenesis and PCR mutagenesis. 

[01 86] Furthermore, nucleic acids of the present invention are ordinarily carried by (inserted into) suitable vectors and 

20 then introduced into host cells. These vectors are not particularly limited so long as the inserted nucleic acid is stably 
maintained. For example, when using E. coli as the host, the cloning vector is preferably a pBluescript vector (Stratagene) 
and such, but various commercially available vectors may be used. Expression vectors are particularly useful as vectors 
for producing the polypeptides of the present invention. Expression vectors are not particularly limited so long as they 
can express polypeptides in test tubes, E. coli, cultured cells, or individual organisms. For example, preferred vectors 

25 include pBEST vector (Promega) for expression in test tubes, pET vector (Invitrogen) for E. coli, pME18S-FL3 vector 
(GenBank Accession No. AB009864) for cultured cells, and pM E1 8S vector (Mol. Cell Biol. 8:466-472(1 998)) for individual 
organisms. Insertion of a DNA of the present invention into vectors can be performed by standard methods such as 
ligase reactions using restriction enzyme sites (Current protocols in Molecular Biology edit. Ausubel et al. (1 987) Publish. 
John Wiley & Sons. Section 11.4-11.11). 

30 [0187] The above-mentioned host cells are not particularly limited, and various host cells can be used, depending on 
the purpose. Cells used for expressing the polypeptides include bacterial cells (for example, Streptococcus, Staphylo- 
coccus, E, coli, Streptomyces, and Bacillus subtilis), fungal cells (for example, yeast and Aspergillus), insect cells (for 
example, Drosophila S2 and Spodoptera SF9), animal cells (for example, CHO, COS, HeLa, C127, 3T3, BHK, HEK293, 
Bowes melanoma cell), and plant cells. Vectors can be introduced into host cells using known methods, such as the 

35 calcium phosphate precipitation method, electroporation method (Current protocols in Molecular Biology edit. Ausubel 
et al. (1987) Publish. John Wiley & Sons. Section 9.1-9.9), lipofectamine method (GIBCO-BRL), and microinjection 
method. 

[0188] For secreting host cell-expressed polypeptides into the lumen of the endoplasmic reticulum, periplasmic space, 
or extracellular environment, suitable secretion signals can be incorporated into the polypeptides of interest. These 
40 signals may be intrinsic or foreign to the polypeptides of interest. 

[0189] When the polypeptides of the present invention are secreted into the culture media, the polypeptides produced 
by the above-mentioned method can be harvested by collecting the media. When the polypeptides of the present invention 
are produced inside cells, first, the cells are lysed, and then these polypeptides are collected. 

[01 90] The polypeptides of the present invention can be collected and purified from recombinant cell cultures by using 
45 known methods, including ammonium sulfate or ethanol precipitation, acidic extraction, anion or cation exchange chro- 
matography, phosphocellulose chromatography, hydrophobic interaction chromatography, affinity chromatography, hy- 
droxyapatite chromatography, and lectin chromatography. 

[0191] The present invention relates to compositions (pharmaceutical agents) composed of a mutant polypeptide or 
heteromultimer of the present invention and a pharmaceutically acceptable carrier. 
50 [0192] In the present invention, pharmaceutical compositions ordinarily refer to pharmaceutical agents for treating or 
preventing, or testing and diagnosing diseases. 

[01 93] The pharmaceutical compositions of the present invention can be formulated by methods known to those skilled 
in the art. For example, such pharmaceutical compositions can be used parenterally, as injections which are sterile 
solutions or suspensions including an antibody along with water or another pharmaceutically acceptable liquid. For 
55 example, such compositions may be formulated as unit doses that meet the requirements for the preparation of phar- 
maceuticals by appropriately combining the antibody with pharmaceutically acceptable carriers or media, specifically 
with sterile water, physiological saline, a vegetable oil, emulsifier, suspension, detergent, stabilizer, flavoring agent, 
excipient, vehicle, preservative, binder, or such. In such preparations, the amount of active ingredient is adjusted such 
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that the dose falls within an appropriately pre-determined range. 

[01 94] Sterile compositions for injection can be formulated using vehicles such as distilled water for injection, according 
to standard protocols for formulation. 

[0195] Aqueous solutions for injection include, for example, physiological saline and isotonic solutions containing 
5 dextrose or other adjuvants (for example, D-sorbitol, D-mannose, D-mannitol, and sodium chloride). Appropriate solu- 
bilizers, for example, alcohols (ethanol and such), polyalcohols (propylene glycol, polyethylene glycol, and such), non- 
ionic detergents (polysorbate 80™, HCO-50, and such), may be used in combination. 

[0196] Oils include sesame and soybean oils. Benzyl benzoate and/or benzyl alcohol can be used in combination as 
solubilizers. Buffers (for example, phosphate buffer and sodium acetate buffer), soothing agents (for example, procaine 
10 hydrochloride), stabilizers (for example, benzyl alcohol and phenol), and/or antioxidants can also be combined. Prepared 
injectables are generally filled into appropriate ampules. 

[01 97] The pharmaceutical compositions of the present invention are preferably administered parenterally. For exam- 
ple, the compositions may be injections, transnasal compositions, transpulmonary compositions or transdermal compo- 
sitions. For example, such compositions can be administered systemically or locally by intravenous injection, intramus- 

is cular injection, intraperitoneal injection, subcutaneous injection, or such. 

[0198] The administration methods can be appropriately selected in consideration of a patient's age and symptoms. 
The dose of a pharmaceutical composition composed of an antibody or a polynucleotide encoding an antibody may be, 
for example, from 0.0001 to 1 000 mg/kg for each administration. Alternatively, the dose may be, for example, from 0.001 
to 100,000 mg per patient. However, the doses are not limited to the ranges described above. The doses and adminis- 

20 tration methods vary depending on a patient's weight, age, symptoms, and such. Those skilled in the art can select 
appropriate doses and administration methods in consideration of the factors described above. 

[0199] The polypeptides or heteromultimers of the present invention can be formulated by combining with other phar- 
maceutical components as necessary. 

[0200] The present invention also provides nucleic acids that encode the mutant polypeptides of the present invention 
25 or the heteromultimers of the present invention. Further, vectors that carry these nucleic acids are also included in the 
present invention. 

[0201] The present invention provides host cells carrying the above described nucleic acids. The host cells are not 
particularly limited and include, for example, E coli and various animal cells. The host cells may be used, for example, 
as a production system to produce and express the antibodies or the polypeptides of the present invention. In vitro and 
30 in vivo production systems are available for polypeptide production systems. Production systems that use eukaryotic 
cells or prokaryotic cells are examples of in vitro production systems. 

[0202] Eukaryotic cells that can be used as a host cell include, for example, animal cells, plant cells, and fungal cells. 
Animal cells include: mammalian cells, for example, CHO (J. Exp. Med. (1995)108, 945), COS, 3T3, myeloma, BHK 
(baby hamster kidney), HeLa, and Vero; amphibian cells such as Xenopus iaevis oocytes (Valle, et al. (1981) Nature 

35 291 , 338-340); and insect cells (e.g., Sf9, Sf21 , and Tn5). In the expression of the antibodies of the present invention, 
CHO-DG44, CHO-DX1 1 B, COS7 cells, and BHKcells can be suitably used. Among animal cells, CHOcells are particularly 
preferable for large-scale expression. Vectors can be introduced into a host cell by, for example, calcium phosphate 
methods, the DEAE-dextran methods, methods using cationic liposome DOTAP (Boehringer-Mannheim), electroporation 
methods, or lipofection methods. 

40 [0203] Plant cells include, for example, Nicotiana tabacum-derived cells known as a protein production system. Cal- 
luses can be cultured from these cells to produce the antibodies of the present invention. Known protein production 
systems are those using fungal cells including yeast cells, for example, cells of genus Saccharomyces such as Saccha- 
romyces cerevisiae and Saccharomyces pombe; and cells of filamentous fungi, for example, genus Aspergiiius such 
as Aspergiiius niger. These cells can be used as a host to produce the antibodies of the present invention. 

45 [0204] Bacterial cells can be used in the prokaryotic production systems. Examples of bacterial cells include Baciiius 
subtifis as well as E. coli described above. Such cells can be used to produce the antibodies of the present invention. 
[0205] When producing an antibody using a host cell of the present invention, the polynucleotide encoding an antibody 
of the present invention may be expressed by culturing the host cells transformed with the expression vector containing 
the polynucleotide. The culture can be performed using known methods. For example, when using animal cells as a 

50 host, DMEM, MEM, RPMI 1 640, or IMDM may be used as the culture medium, and may be used with or without serum 
supplements such as FBS or fetal calf serum (FCS). Serum-free cultures are also acceptable. The preferred pH is about 
6 to 8 during the course of culturing. Incubation is carried out typically at a temperature of about 30 to 40 °C for about 
15 to 200 hours. Medium is exchanged, aerated, or agitated, as necessary. 

[0206] On the other hand, production systems using animal or plant hosts may be used as systems for producing 
55 polypeptides in vivo. For example, a polynucleotide of interest is introduced into an animal or plant and the polypeptide 
is produced in the body of the animal or plant and then collected. The "hosts" of the present invention includes such 
animals and plants. 

[0207] Animals to be used for the production system include mammals or insects. Mammals such as goats, pigs, 
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sheep, mice, and cattle may be used (Vicki Glaser SPECTRUM Biotechnology Applications (1993)). Alternatively, the 
mammals may be transgenic animals. 

[0208] For example, a polynucleotide encoding an antibody of the present invention may be prepared as a fusion 
gene with a gene encoding a polypeptide specifically produced in milk, such as the goat p-casein gene. Polynucleotide 

5 fragments containing the fusion gene are injected into goat embryos, which are then introduced back to female goats. 
The desired antibody can be obtained from milk produced by the transgenic goats, which are born from the goats that 
received the embryos, or from their offspring. Appropriate hormones may be administered to increase the volume of 
milk containing the antibody produced by the transgenic goats (Ebert et al., Bio/Technology 12: 699-702 (1 994)). 
[0209] Insects such as silkworms, may also be used for producing the antibodies of the present invention. Baculovi ruses 

10 carrying a polynucleotide encoding an antibody of interest can be used to infect silkworms, and the antibody of interest 
can be obtained from the body fluids (Susumu et al., Nature 315: 592-594 (1985)). 

[021 0] Plants used for producing the antibodies of the present invention include, for example, tobacco. When tobacco 
is used, a polynucleotide encoding an antibody of interest is inserted into a plant expression vector, for example, pMON 
530, and then the vector is introduced into a bacterium, such as Agrobacterium tumefaciens. The bacteria are then used 
15 to infect tobacco such as Nicotiana tabacum, and the desired antibodies can be recovered from the leaves (Ma et al., 
Eur. J. Immunol. 24: 131-138 (1994)). 

[021 1] The resulting antibody may be isolated from the inside or outside (such as the medium and milk) of host cells, 
and purified as a substantially pure and homogenous antibody. Methods are not limited to any specific method and any 
standard method for isolating and purifying antibodies may be used. Antibodies may be isolated and purified, by selecting 
20 an appropriate combination of, for example, chromatographic columns, filtration, ultrafiltration, salting out, solvent pre- 
cipitation, solvent extraction, distillation, immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric fo- 
cusing, dialysis, recrystallization, and others. 

[0212] Chromatographies include, for example, affinity chromatographies, ion exchange chromatographies, hydro- 
phobic chromatographies, gel filtrations, reverse-phase chromatographies, and adsorption chromatographies (Strategies 

25 for Protein Purification and Characterization: A Laboratory Course Manual. Ed Daniel R. Marshak et al., Cold Spring 
Harbor Laboratory Press, 1 996). These chromatographies can be carried out using liquid phase chromatographies such 
as HPLC and FPLC. Examples of the affinity chromatography columns include protein A columns and protein G columns. 
Examples of the proteins A columns include Hyper D, POROS, and Sepharose F. F. (Pharmacia). 
[0213] An antibody can be modified freely and peptide portions can be deleted from it by treating the antibody with 

30 an appropriate protein modifying enzyme before or after antibody purification, as necessary. Such protein modifying 
enzymes include, for example, trypsins, chymotrypsins, lysyl endopeptidases, protein kinases, and glucosidases. 
[021 4] I n another preferred embodiment, the present invention also includes methods for producing the mutant polypep- 
tides or heteromultimers of the present invention, such methods including the steps of culturing the host cells of the 
present invention as described above and recovering the polypeptides from such cell culture. 

35 [0215] All prior art references cited herein are incorporated by reference into the present specification. 

Examples 

[0216] Herein below, the present invention will be specifically described with reference to Examples; however, the 
^o invention should not be construed as being limited thereto. 

[Example 1] Production of non-neutralizing antibodies against Factor IXa (F.IXa) 

1-1. Immunization and hybridoma production 

45 

[0217] Eight BALB/c mice (male, starting immunization at 6 weeks of age, Japan Charles River) and 5 MRL/lpr mice 
(male, starting immunization at 6 weeks of age, Japan Charles River) were immunized as described below with Factor 
IXap (Enzyme Research Laboratories, Inc.). Factor IXap emulsified in FCA (Freund's complete adjuvant H37 Ra (Difco 
laboratories)) was administered subcutaneously at 40 |mg/head as primary immunization. Two weeks later, Factor IXap 

50 emulsified in FIA (Freund's incomplete adjuvant (Difco laboratories)) was administered subcutaneously at 40 jmg/head. 
Thereafter, boosters were given at one week intervals, a total of 3 to 7 times. After the elevation in serum antibody titer 
against factor IXap was confirmed by ELISA (enzyme linked immunosorbent assay) shown in 1-2, factor IXap diluted in 
PBS(-) (phosphate buffered saline that does not contain calcium ions and magnesium ions) was administered intrave- 
nously at 40 jutg/head. Three days after the final immunization, mouse spleen cells and mouse myeloma cells P3X63Ag8U. 

55 1 (referred to as P3U1 , ATCC CRL-1 597) were fused, following conventional procedures using PEG1 500 (Roche Diag- 
nostics). Selective culturing of hybridomas was performed by plating fused cells suspended in RPMI1640 medium 
(Invitrogen) containing 10% FBS (Invitrogen) (hereinafter referred to as 10% FBS/RPMI1 640) onto a 96-well culture 
plate and substituting the medium with HAT selection medium (10% FBS/RPMI1 640/2% HAT 50x concentrate (Dainippon 
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Pharmaceutical)/5% BM-Condimed H1 (Roche Diagnostics)) at 1, 2, 3, and 5 days after fusion. Hybridomas having a 
binding activity to Factor IXa were selected using the culture supernatant collected on day 8 or day 9 after fusion, and 
measuring binding activity against Factor IXa by ELISA shown in 1-2. Then hybridomas that did not have neutralizing 
activity against Factor IXa were selected by measuring the ability of hybridoma to neutralize the enzyme activity of Factor 
5 IXa, according to the method shown in 5-3. Hybridomas were cloned with two rounds of limiting dilution by plating cells 
into a 96-well culture plate at one cell per well to establish hybridoma XB12 that produced anti-Factor IXa antibodies. 

1-2. Factor IXa ELISA 

10 [0218] Factor IXap diluted to 1 img/mL with coating buffer (100 mM sodium bicarbonate, pH9.6, 0.02% sodium azide) 
was dispensed into Nunc-lmmuno plate (Nunc-lmmuno™ 96 MicroWell™ plates MaxiSorp™ (Nalge Nunc International)) 
at 100 |jiL/well, and then incubated overnight at 4°C. After three washes with PBS[-) containing Tween® 20, the plate 
was blocked with diluent buffer (50 mM Tris-HCI, pH8.1, 1% bovine serum albumin, 1 mM MgCI 2 , 0.15 M NaCI, 0.05% 
Tween® 20, 0.02% sodium azide) at room temperature for two hours. After buffer removal, mouse anti-serum or hybridoma 

15 culture supernatant diluted in the diluent buffer was added to the plate at 1 00 imL/well and incubated at room temperature 
for one hour. The plate was washed three times, then alkaline phosphatase-labeled goat anti-mouse IgG (H+L) (Zymed 
Laboratories) diluted at 1 /2000 with the diluent buffer was added at 1 00 |ULL/well. This was incubated at room temperature 
for one hour. The plate was washed six times, chromogenic substrate Blue-Phos™ Phosphate Substrate (Kirkegaard 
& Perry Laboratories) was added at 100 imL/well, and was then incubated at room temperature for 20 minutes. After 

20 adding Blue-Phos™ Stop Solution (Kirkegaard & Perry Laboratories) at 100 jutL/well, the absorbance at 595 nm was 
measured with a Microplate Reader Model 3550 (Bio-Rad Laboratories). 

1- 3. Factor IXa neutralizing activity measurements 

25 [0219] Phospholipid (Sigma-Aldrich) was dissolved in distilled water for injection, and then sonicated to prepare a 400 
img/mL phospholipid solution. 40 julL of tris buffer saline solution containing 0.1% bovine serum albumin (herein after 
referred to as TBSB), 1 0 |mL of 30 ng/mL Factor IXap (Enzyme Research Laboratories), 5 julL of 400 |mg/mL phospholipid 
solution, 5 julL of TBSB containing 1 00 mM CaCI 2 and 20 mM MgCI 2 , and 1 0 jjlL of hybridoma culture supernatant were 
mixed in a 96-well plate, and then incubated at room temperature for one hour. 20 julL of 50 mg/mL Factor X (Enzyme 

30 Research Laboratories) and 10 julL of 3U/mL Factor Villa (American diagnostica) were added to this mixed solution, and 
then were reacted at room temperature for 30 minutes. 10 |ulL of 0.5 M EDTA was added to stop the reaction. Fifty julL 
of S-2222 solution (Chromogenix) was added to the reaction solution, which was then incubated at room temperature 
for 30 minutes, followed by measuring the absorbance at measurement wavelength of 405 nm and control wavelength 
of 655 nm on a Microplate Reader Model 3550 (Bio-Rad Laboratories, Inc.). 

35 

[Example 2] Preparation of non-neutralizing antibodies against Factor X (F.X) 

2- 1. Immunization and hybridoma preparation 

40 [0220] Eight BALB/c mice (male, starting immunization at 6 weeks of age, Japan Charles River) and 5 MRL/lpr mice 
(male, starting immunization at 6 weeks of age, Japan Charles River) were immunized with factor X (Enzyme Research 
Laboratories) as described below. For the initial immunization, factor X emulsified with FCA was subcutaneously ad- 
ministered at 40|ul g/head. Two weeks later, factor X emulsified with FIA was subcutaneously administered at 20 or 40 
img/head. Thereafter, a total of 3 to 6 boosters were given at one week intervals. After the elevation of the titer of a serum 

^5 antibody against Factor X was confirmed by ELISA as described in 2-2, Factor X diluted in PBS(-) was administered 
intravenously at 20 or 40 |mg/head as a final immunization. Three days after the final immunization, mouse spleen cells 
were fused with mouse myeloma P3U1 cells according to a standard method using PEG1500. Fused cells suspended 
in 10% FBS/RPMI1640 medium were seeded in a 96-well culture plate, and hybridomas were selectively cultured by 
replacing the medium with a HAT selection medium at 1 , 2, 3, and 5 days after the fusion. Binding activity against Factor 

50 x was measured by ELISA described in 2-2, using the culture supernatant collected on the eighth day after fusion. 
Hybridomas having Factor X-binding activity were selected, and their activities to neutralize Factor Xa enzymatic activity 
were measured according to the method described in 2-3. Hybridomas that were incapable of neutralizing the enzyme 
activity of Factor Xa were cloned using two rounds of limiting dilution to establish hybridoma SB04 that produced anti- 
Factor X antibodies. 

55 

2-2. Factor X ELISA 

[0221] Factor X diluted to 1 jutg/mL with a coating buffer was dispensed into Nunc-lmmuno plate at 1 00 juiL/well, and 
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then incubated overnight at 4°C. After three washes with PBS[-) containing Tween® 20, the plate was blocked with the 
diluent buffer at room temperature for 2 hours. After removal of the buffer, mouse antiserum or hybridoma culture 
supernatant diluted with the diluent buffer was added to the plate, and incubated at room temperature for 1 hour. The 
plate was washed three times, then alkaline phosphatase-labeled goat anti-mouse IgG (H+L) diluted to 1/2000 with the 
5 diluent buffer was added, and incubated at room temperature for 1 hour. The plate was washed six times, after which 
a colorimetric substrate Blue-Phos™ Phosphate Substrate (Kirkegaard & Perry Laboratories) was added at 1 00 jmL/well. 
The plate was then incubated at room temperature for 20 minutes. After adding Blue-Phos™ Stop Solution (Kirkegaard 
& Perry Laboratories) at 100 |mL/well, the absorbance at 595 nm was measured on a Microplate Reader Model 3550 
(Bio-Rad Laboratories). 

10 

2- 3. Measurement of Factor Xa neutralizing activity 

[0222] Ten julL of hybridoma culture supernatant diluted to 1/5 with TBSB was mixed with 40 julL of TBCP (TBSB 
containing 2.78 mM CaCI 2 , 22.2 |ulM phospholipids (phosphatidylcholine:phosphatidylserine = 75:25, Sigma-Aldrich)) 

15 containing 250 pg/mL of Factor Xa (Enzyme Research Laboratories) and incubated at room temperature for 1 hour. To 
this mixed solution, 50 julL of TBCP containing 20 img/mL prothrombin (Enzyme Research Laboratories) and 100 ng/mL 
activated coagulation factor V (Factor Va (Haematologic Technologies)) were added, and reacted at room temperature 
for 1 0 minutes. The reaction was stopped with the addition of 1 0 julL of 0.5 M EDTA. To this reaction solution, 50 \±L of 
1 mM S-2238 solution (Chromogenix) was added, followed by incubation at room temperature for 30 minutes, at which 

20 point absorbance was measured at 405 nm on a Microplate Reader Model 3550 (Bio-Rad Laboratories, Inc.). 

[Example 3] Construction of chimeric bispecific antibody expression vectors 

3- 1 . Preparation of antibody variable region-encoding DNA fragments from hybridomas 

25 

[0223] Total RNA was extracted from hybridoma XB12 that produced anti-F.IXa antibody or hybridoma SB04 that 
produced anti-F.X antibody using QIAGEN® RNeasy® Mini Kit (QIAGEN) according to the method described in the 
instruction manual. The total RNA was dissolved in 40 julL of sterile water. Single-stranded cDNA was synthesized by 
RT-PCR using the Superscript cDNA synthesis system (I nvitrogen) with 1 -2 |mg of the purified RNA as template according 
30 to the method described in the instruction manual. 

3-2. PCR amplification of antibody H-chain variable region and sequence analysis 

[0224] HB primer mixture and HF primer mixture described in the report by Krebber et al. (J. Immunol. Methods 1 997; 

35 201 :35-55) were prepared as amplification primers for the mouse antibody H chain variable region (VH) cDNA. Using 
0.5 julL each of 100 |ulM HB primer mixture and 100 |ulM HF primer mixture, 25 julL of the reaction solution (2.5 julL of 
cDNA solution prepared in 3-1 , KOD plus buffer (Toyobo), 0.2 mM dNTPs, 1 .5 mM MgCI 2 , 0.75 units DNA polymerase 
KOD plus (Toyobo)) was prepared. PCR was performed using a thermal cycler GeneAmp PCR system 9700 (Perkin 
Elmer) under either with condition A (heating at 98° C for 3 minutes, followed by 32 cycles of reacting at 98 °C for 20 

40 seconds, 58 ° C for 20 seconds, and 72 ° C for 30 seconds per cycle) or condition B (heating at 94 ° C for 3 minutes, followed 
by 5 cycles of reacting at 94 °C for 20 seconds, 46 °C for 20 seconds, and 68 °C for 30 seconds per cycle, and 30 cycles 
of reacting at 94 °C for 20 seconds, 58 °C for 20 seconds, and 72 °C for 30 seconds per cycle), depending on the ampli- 
fication efficiency of the cDNA fragment. After PCR, the reaction solution was subjected to 1 % agarose gel electrophoresis. 
Amplified fragments having the size of interest (approximately 400 bp) were purified using QIAquick Gel Extraction Kit 

45 (QIAGEN) according to the method described in the instruction manual, and eluted with 30 julL of sterile water. The 
nucleotide sequence of each DNA fragment was determined by a DNA sequencer ABI PRISM 3100 Genetic Analyzer 
(Applied Biosystems) using a BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) according to the method 
described in the instruction manual. The group of sequences determined by this method was analyzed comparatively 
using an analysis software GENETYX-SV/RC Version 6.1 (Genetyx), and those having a different sequence were 

50 selected. 

3-3. Preparations of antibody variable region DNA fragments for cloning 

[0225] The following procedure was performed to add restriction enzyme Sfi I cleavage sites for cloning to both ends 
55 of the fragments of antibody variable region that were amplified. 

[0226] To amplify the Sfi I cleavage site added to the VH fragments (Sfi l-VH), a primer (primer VH-5' end) in which 
the (Gly4Ser)2-linker sequence of primer HB was modified to a sequence having Sfi I cleavage sites was prepared. 
Using 0.5 julL each of the 10 |ulM sequence-specific primer VH-5' end and 10 julM primer scfor (J. Immunol. Methods 
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1 997; 201 : 35-55), a reaction solution (20 jjlL) (1 \±L of purified solution of amplified VH cDNA fragment prepared in 3-2, 
KOD plus buffer (TOYOBO), 0.2 mM dNTPs, 1.5 mM MgCI 2 , 0.5 units DNA polymerase KOD plus (TOYOBO)) was 
prepared. Using a thermal cycler GeneAmp PCR system 9700 (Perkin Elmer), PCR was performed either with condition 
A (heating at 98 °C for 3 minutes, followed by 32 cycles of reacting at 98 °C for 20 seconds, 58 °C for 20 seconds, and 

5 72 °C for 30 seconds per cycle) or condition B (heating at 94 °C for 3 min followed by 5 cycles of reacting at 94 °C for 20 
seconds, 46 °C for 20 seconds, and 68 °C for 30 seconds per cycle, and 30 cycles of reacting at 94 °C for 20 seconds, 
58 °C for 20 seconds, and 72 °C for 30 seconds per cycle), depending on the amplification efficiency for the fragments. 
After PCR, the reaction solution was subjected to 1% agarose gel electrophoresis. Amplified fragments of the desired 
size (about 400 bp) were purified using QIAquickGel Extraction Kit (QIAGEN) according to the method described in the 

10 instruction manual, and eluted with 30 |ulL of sterile water. 

[0227] To amplify the mouse antibody L chain variable region (VL) cDNA fragments, 0.5 julL each of the 100 julM LB 
primer mixture and 1 00 |ulM LF primer mixture described in the report by Krebber et al. (J. Immunol. Methods 1 997; 201 : 
35-55) was used first, and a reaction solution (25 |ulL) (2.5 julL of cDNA solution prepared in 3-1, KOD plus buffer 
(TOYOBO), 0.2 mM dNTPs, 1 .5 mM MgCI 2 , 0.75 units DNA polymerase KOD plus (TOYOBO)) was prepared. Using a 

15 thermal cycler GeneAmp PCR system 9700 (Perkin Elmer), PCR was performed according to the amplification efficiency 
of the fragments, under conditions of heating at 94 °C for 3 min followed by 5 cycles of reaction (reacting at 94 °C for 20 
seconds, 46 °C for 20 seconds, and 68 °C for 30 seconds per cycle, and 30 cycles of reacting at 94 °C for 20 seconds, 
58 °C for 20 seconds, and 72 °C for 30 seconds per cycle. After the PCR, the reaction solution was subjected to 1% 
agarose gel electrophoresis. Amplified fragments of the desired size (about 400 bp) were purified using the QIAquick 

20 Gel Extraction Kit (QIAGEN) according to the method described in the instruction manual, and were eluted with 30 julL 
of sterile water. The fragments are in a state in which the primer LF-derived (Gly4Ser)3-linker sequence is added to their 
C termini. In order to add an Sfi I cleavage site to the C termini of the fragments, a primer (primer VL-3' end) where the 
primer LF (Gly4Ser)3-linker sequence was modified to a sequence having Sfi I cleavage site was prepared. To amplify 
the Sfi I cleavage site-added VL fragments (Sfi l-VL), 0.5 julL each of the 10 |ulM VL-3' end primer mixture and 10 |ulM 

25 scback primer was used, and 20 julL of a reaction solution (1 julL of a solution of purified VL cDNA amplification fragment, 
KOD plus buffer (TOYOBO), 0.2 mM dNTPs, 1.5 mM MgCI 2 , 0.5 units DNA polymerase KOD plus (TOYOBO)) was 
prepared. PCR was performed using a thermal cycler GeneAmp PCR system 9700 (Perkin Elmer) under conditions of 
heating at 94 °C for 3 min followed by 5 cycles of reaction (reacting at 94 °C for 20 seconds, 46 °C for 20 seconds, and 
68°C for 30 seconds per cycle, and 30 cycles of reacting at 94°C for 20 seconds, 58°C for 20 seconds, and 72°C for 30 

30 seconds per cycle. After the PCR, the reaction solution was subjected to 1% agarose gel electrophoresis. Amplified 
fragments of the desired size (about 400 bp) were purified using the QIAquick Gel Extraction Kit (QIAGEN) according 
to the method described in the instruction manual, and were eluted with 30 julL of sterile water. 

[0228] Purified Sfi l-VH and Sfi l-VL fragments were digested with Sfi I (Takara Bio) at 50 °C for overnight in a reaction 
solution prepared according to the method described in the instruction manual. Subsequently, the reaction solution was 
35 purified using a QIAquick PCR Purification Kit (QIAGEN) according to the method described in the instruction manual, 
and eluted with 30 julL of Buffer EB included in the kit. 

3-4. Human lgG4-mouse chimeric bispecific IgG antibody expression plasmid 

40 [0229] The knobs-into-holes technique of lgG1 (Non-Patent Document 3) was utilized to produce the bispecific IgG 
antibody of interest, to allow heteromolecule formation in each H chain, and an amino acid substituent in which the CH3 
portion of the lgG4 is substituted was prepared. Type a (lgG4ya) is an lgG4 substituted at Y349C and T366W, and type 
b (lgG4yb) is an lgG4 substituted at E356C, T366S, L368A, and Y407V. Furthermore, a substitution (-ppcpScp->- 
ppcpPcp-) was also introduced at the hinge regions of both substituted lgG4s. Most become heteromolecules using this 

^5 technique; however, this does not necessarily apply to L chains, and the generation of unnecessary antibody molecules 
may affect subsequent activity measurements. Therefore, in this method those that are inducible by different pharma- 
ceuticals were used as the expression vectors for each HL molecule to separately express the arms of each antibody 
molecule (called as HL molecule) which have various specificities, and to efficiently produce the bispecific IgG antibody 
of interest within cells. 

50 [0230] As an expression vector for one arm of the antibody molecule (referred to as right arm HL molecule for con- 
venience), a respective H chain or L chain region incorporated to a tetracycline-induced type vector pcDNA4 (Invitrogen) 
(pcDNA4-g4H or pcDNA4-g4L) was prepared, i.e. a suitable mouse antibody variable region (VH or VL) and a human 
lgG4ya constant region (SEQ ID NO: 9) or k constant region (SEQ ID NO: 1 0) incorporated into the downstream of the 
signal sequence (IL3ss) used for animal cells (Proc. Natl. Acad. Sci. USA. 1984; 81: 1075). First, Eco RV and Not I 

55 (Takara Bio) were used to digest pcDNA4 at the restriction enzyme cleavage sites that are present in the multi-cloning 
site. The right arm H chain- or L chain-expression unit (about 1 .6 kb or about 1 .0 kb respectively) of a chimeric bispecific 
antibody having suitable antibody variable regions was digested with Xho I (Takara Bio). The antibody was then purified 
with the QIAquick PCR Purification Kit (QIAGEN) according to the method described in the instruction manual, and 
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reacted with DNA polymerase KOD (TOYOBO) at 72 °C for 10 minutes in a reaction solution composition described in 
the instruction manual to blunt the ends. The blunt-ended fragments were purified with QIAquick PCR Purification Kit 
(QIAGEN) according to the method described in the instruction manual, and digested with Not I (Takara Bio). The Not 
l/blunt ended fragments (about 1 .6 kb or 1 .0 kb respectively) and the Eco RV/Not l-digested pcDNA4 were subjected to 
5 ligation reaction using Ligation High (TOYOBO), according to the method described in the instruction manual. An E. coli 
DH5oc strain (Competent high DH5oc (TOYOBO)) was transformed with the above-described reaction solution. >From 
the ampicillin-resistant clones thus obtained, respective plasmid DNAs were isolated using QIAprep Spin Miniprep Kit 
(QIAGEN). 

[0231] According to the above-described method, as for the other arm (referred to herein as left arm HL molecule for 
10 convenience) of the antibody molecule, the respective H chain or L chain region incorporated to the ecdysone analogue 
inducible type vector pIND (Invitrogen) (plND-g4H or plND-g4L) was prepared, i.e. a suitable mouse antibody variable 
region (VH or VL) and a human lgG47b constant region (SEQ ID NO: 11) or k constant region incorporated into the 
downstream of the signal sequence (IL3ss) used for animal cells (EMBO. J. 1987; 6: 2939). Respective plasmid DNAs 
were then isolated. 

15 

3- 5. Construction of Bispecific Antibody Expression Vectors 

[0232] The tetracycline-induced type expression plasmid prepared in 3-4 (pcDNA4-g4H or pcDNA4-g4L) was digested 
with Sfi I, and the reaction solution was subjected to 1% agarose gel electrophoresis. Fragments (approximately 5 kb) 

20 lacking the original antibody variable region part (VH or VL) were purified using the QIAquick Gel Extraction Kit (QIAGEN) 
according to the method described in the instruction manual, and eluted with 30 julL of sterile water. The fragments, and 
the corresponding Sfi l-VH or Sfi-VL fragment derived from the Sfi l-digested anti-F.IXa antibody XB12 prepared in 3-3, 
were subjected to ligation reaction using the Quick Ligation Kit (New England Biolabs) according to the method described 
in the instruction manual. An E. coli DH5oc strain (Competent high DH5oc (TOYOBO)) was transformed with the above- 

25 described reaction solution. Next, fragments obtained by removing the antibody variable region part (VH or VL), using 
a technique similar to that described above from the Sfi l-digested ecdysone analogue-induced type expression plasmid 
(plND-g4H or plND-g4L) prepared in 3-4, and the corresponding Sfi l-digested anti-F.X antibody SB04-derived Sfi l-VH 
or Sfi l-VL fragment prepared in 3-3 were incorporated by a similar method. 

[0233] Nucleotide sequences for each DNA fragment were determined using a BigDye Terminator Cycle Sequencing 
30 Kit (Applied Biosystems) and DNA sequencer ABI PRISM 3100 Genetic Analyzer (Applied Biosystems), according to 
the method described in the instruction manual. A group of sequences determined by the present method were analyzed 
using an analysis software, GENETYX-SV/RC Version 6.1 (Genetyx). 

[0234] From the clones of interest, the respective plasmid DNAs were isolated using a QIAprep Spin Miniprep Kit 
(QIAGEN), and then dissolved in 100 |ulL of sterile water. Anti-F.IXa antibody chimeric H chain expression vector, anti- 
35 F.IXa antibody chimeric L chain expression vector, anti-F.X antibody chimeric H chain expression vector, and anti-F.X 
antibody chimeric L chain expression vector were named pcDNA4-g4 XB12H, pcDNA4-g4 XB12L, plND-g4 SB04H, 
and plND-g4 SB04L, respectively. 

[Example 4] Production of chimeric bispecific antibodies 

40 

4- 1 . Preparation of DNA Solutions 

[0235] Expression of the right arm antibody HL molecule expression vectors (pcDNA4-g4 XB12H and pcDNA4-g4 
XB1 2L) is induced by tetracycline. In the absence of tetracycline, Tet repressor-encoding plasmid pcDNA6/TR (Invitrogen) 

^5 is required to completely suppress their expressions. Furthermore, expression of the left arm antibody HL molecule 
expression vectors (plNE-g4 SB04H and plND-g4 SB04L) was induced by an insect hormone ecdysone analogue 
(ponasterone A). Thus, plasmid pVgRXR (Invitrogen), which encodes the ecdysone receptor and retinoid X receptor 
that react with ponasterone A, was required to induce expression. Therefore, for the transfection of animal cells, a mixture 
of six types of plasmid DNAs in total was prepared. For 1 0 mL of cell culture, 3 |mg each of pcDNA4-g4 XB1 2H, pcDNA4- 

50 g4 XB12L, plND-g4 SB04H and plND-g4 SB04L, as well as 18 jxg each of pcDNA6/TR and pVgRXR were used. 

4-2. Transfection of Animal Cells 

[0236] Human fetal renal carcinoma cell-derived HEK293H strain (Invitrogen) was suspended in a DMEM medium 
55 (Invitrogen) containing 10% FCS (MOREGATE), and 10 mL of this was seeded at a cell density of 5 x 10 5 cells/mL in 
each dish used for adhesive cells (10-cm diameter, CORNING) and cultured for a day and night in a C0 2 incubator 
(37 °C, 5% CCy. The plasmid DNA mixture prepared in 4-1 was added to a mixture of transfection reagents, 75.8 julL of 
Lipofectaine 2000 (Invitrogen) and 2708 julL of Opti-MEM I medium (Invitrogen), and left to stand at room temperature 
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for 20 minutes. The resulting mixture was added to the cells in each well and incubated for 4 to 5 hours in a C0 2 incubator 
(37 °C, 5% CQ>). 

4-3. Induction of Bispecific IgG Antibody Expression 

5 

[0237] Culture medium was removed by suction from the transfected cell culture as described above, and then 1 0 ml_ 
of a CHO-S-SFM-II (Invitrogen) medium containing 1 |mg/mL tetracycline (Wako Pure Chemical Industries) was added. 
This mixture was incubated for one day in a C0 2 incubator (37° C, 5% CCy to induce primary expression of the right 
arm antibody HL molecule. Subsequently, after removing the medium by suction and washing with 10 mL of CHO-S- 
10 SFM-II medium, and adding 1 0 mL of a CHO-S-SFM-II medium containing 5 |ulM of ponasterone A (Invitrogen), this was 
incubated in a C0 2 incubator (37 °C, 5% CCy for 3 days, and secondary expression of the left arm antibody HL molecule 
was induced so that the bispecific IgG antibody was secreted into the medium. The culture supernatant was recovered 
and centrifuged (approximately 2000 g for 5 min at room temperature) to remove the cells, and then sterilized by passing 
through a 0.22 juun filter MILLEX®-GV (Millipore). The sample was stored at 4°C until use. 

15 

4-4. Antibody Purification 

[0238] One hundred julL of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) was added to 10 mL of the 
culture supernatant obtained according to the method described in Example 4-3, and the solution was mixed by over- 
do turning at 4°C for 4 hours. The solution was transferred to an Ultrafree®.-MC 0.22 \xm filter cup (Millipore) and after 
washing 3 times with 500 julL of TBS containing 0.01 % Tween® 20, the rProtein A Sepharose™ resin was suspended 
in 1 00 julL of 1 0 mM HCI containing 0.01 % Tween® 20 at pH 2.0 and left to stand for 2 minutes. Then, the antibody was 
eluted, and the eluate was immediately neutralized by adding 5 jjlL of 1 M Tris-HCI, pH 8.0. 

25 4-5. Quantification of human IgG concentration 

[0239] Goat anti-human IgG (Biosource International) was adjusted to 1 |mg/mL with a coating buffer, and immobilized 
to a Nunc-lmmuno plate (Nunc). After blocking with a diluent buffer (D.B.), a sample of the culture supernatant suitably 
diluted with D.B. was added. Furthermore, as a standard for calculating the antibody concentration, human lgG4 (hu- 
so manized anti-TF antibody, see WO 99/51 743) diluted with D.B. in a three-fold dilution series up to eleven stages starting 
from 2000 ng/mL was added similarly. After 3 washes, goat anti-human IgG, alkaline phosphatase (Biosource Interna- 
tional) was reacted. After 5 washes, the color was developed using Sigma 1 04® phosphatase substrate (Sigma-Aldrich) 
as a substrate, andtheabsorbance at 405 nm was measured on an absorbance reader Model 3550 (Bio-Rad Laboratories) 
with a reference wavelength of 655 nm. Using the Microplate Manager III (Bio-Rad Laboratories) software, human IgG 
35 concentration in the culture supernatant was calculated from the standard curve. 

[Example 5] Plasma Coagulation Assay 

[0240] To elucidate whether a bispecific antibody corrects the coagulation ability of hemophilia A blood, effects of the 
bispecific antibody on activated partial thromboplastin time (APTT) were examined using Factor VII l-def icient plasma. 
A mixed solution comprising 50 jmLof an antibody solution at various concentrations, 50 |mLof Factor VII l-deficient plasma 
(Biomerieux), and 50 julL of APTT reagent (Dade Behring) was heated at 37 °C for 3 minutes. Coagulation reaction was 
initiated by adding 50 jutL of 20 mM CaCI 2 (Dade Behring) to this mixed solution. The time required for coagulation was 
measured with CR-A (Amelung)-connected KC10A (Amelung). 
45 [0241] Using a calibration curve produced by defining the coagulation time for Factor Vlll-deficient plasma as 0% and 
the coagulation for normal plasma as 100%, Factor Vlll-like activity (%) of a bispecific antibody was calculated from the 
coagulation time measured when bispecific antibody was added. 

[Example 6] Humanization of bispecific antibody 

50 

[0242] Anti-factor IXa antibody XB12 and anti-factor X antibody SB04, which were the most effective in shortening 
blood coagulation time, were subjected to humanization as follows. 

6-1 . Homology search of human antibodies 

55 

[0243] Using a database constructed using amino acid sequence data of human antibodies from publicly disclosed 
Kabat Database (ftp://ftp.ebi.ac.uk/pub/databases/kabat/) and IMGT Database (http://imgt.cines.fr/), a homology search 
was carried out separately for the mouse XB12-H chain variable region, mouse XB12-L chain variable region, mouse 
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SB04-H chain variable region, and mouse SB04-L chain variable region. The results confirmed that they have high 
homologies to the human antibody sequences shown below, and it was thus decided that the framework region (here- 
inafter abbreviated as FR) of humanized antibodies would be used. 

5 (1) XB12-H chain variable region: KABATID-02061 9 (Kabat Database) (Mariette etal., Arthritis Rheum. 1993; 36: 

1315-1324) 

(2) XB12-L chain variable region: EMBL Accession No. X61642 (IMGT Database) (Mark et al., J. Mol. Biol. 1991; 
222: 581-597.) 

(3) SB04-H chain variable region: KABATID-025255 (Kabat Database) (Demaison et al., Immunogetetics 1 995; 42: 
10 342-352) 

(4) SB04-L chain variable region: EMBL Accession No. AB0641 1 1 (IMGT Database) (Unpublished data) 

[0244] Humanized antibodies in which complementarity determining regions (hereinafter abbreviated as CDR) of each 
mouse antibody were grafted into the FRs of human antibodies (1)-(4) were prepared. 
15 [0245] Also, the web homology search site publicly disclosed by NCBI (http://www.ncbi.nln.nih.gov/BLAST/) was used 
to search for secretory signal sequences of human antibodies that are highly homologous to the human antibodies of 
(1)-(4). The following secretory signal sequences obtained by the search were used. 

(1) XB12-H chain variable region: GenBank Accession No. AF062120 
20 (2) XB12-L chain variable region: GenBank Accession No. M74019 

(3) SB04-H chain variable region: GenBank Accession No. BC019337 

(4) SB04-L chain variable region: GenBank Accession No. AY204756. 

6-2. Construction of Humanized Antibody Gene Expression Vector 

25 

[0246] Twelve synthetic oligoDNAs of about 50 bases were prepared from a nucleotide sequence encoding the amino 
acid sequence from the secretory signal sequence to the antibody variable region, such that about 20 bases of their 3'- 
end anneal with each other. Furthermore, a primer annealing to the 5'-end of an antibody variable region gene and 
having the Xhol cleavage sequence, and a primer annealing to the 3'-end of an antibody variable region gene and having 

30 the Sfil cleavage sequence were prepared. 

[0247] One julL each of the synthetic oligoDNAs prepared at 2.5 julM were mixed, and 1x TaKaRa Ex Taq Buffer, 0.4 
mM dNTPs, and 0.5 units TaKaRa Ex Taq (all from Takara Shuzo) were added to prepare a 48 julL reaction solution. 
After keeping this at 94°C for 5 minutes, 2 cycles of reacting at 94°C for 2 minutes, 55°C for 2 minutes, and 72°C for 2 
minutes were performed to assemble and elongate each of the synthetic oligoDNAs. Next, 1 |ulL each of a primer annealing 

35 to the 5'-end and a primer annealing to the 3'-end of the antibody gene were added at 1 0 |jlM, and the antibody variable 
region genes were amplified by 35 cycles of reacting at 94 °C for 30 seconds, 55 °C for 30seconds, and 72 °C for 1 min 
and then reacting at 72 °C for 5 minutes. After PCR, the entire reaction solution was subjected to 1% agarose gel 
electrophoresis. Amplified fragments having the size of interest (approximately 400 bp) were purified using QIAquick 
Gel Extraction Kit (QIAGEN) according to the method described in the instruction manual, and eluted with 30 julL of 

40 sterile water. These fragments were cloned using the pGEM-T Easy Vector System (Promega) according to the method 
described in the instruction manual. Nucleotide sequences for each of the DNA fragments were determined using the 
BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) and an ABI PRISM 3700 DNA Sequencer (Applied 
Biosystems) according to the method described in the instruction manual. 

[0248] A plasmid confirmed to have the correct humanized antibody variable region gene sequence was then digested 
45 with EcoRI and Sfil and the reaction solution was subjected to 1% agarose gel electrophoresis. DNA fragments having 
the size of interest (approximately 400 bp) were purified using QIAquick Gel Extraction Kit (QIAGEN) according to the 
method described in the instruction manual, and eluted with 30 julL of sterile water. Furthermore, after the EcoRI and 
Sfil digestion of the tetracycline-induced type expression plasmids (pcDNA4-g4H, pcDNA4-g4L) and the ecdysone 
analogue induced type expression plasmids (plND-g4H, plND-g4L) prepared in Example 3-3, fragments comprising the 
50 antibody constant region (approximately 5 kb) were purified using the QIAquick Gel Extraction Kit (QIAGEN) according 
to the method described in the instruction manual, and eluted with 30 julL of sterile water. The humanized XB1 2 antibody 
gene fragment (H chain variable region or L chain variable region) digested with EcoRI and Sfil, and the tetracycline- 
induced type expression plasmid (pcDNA4-g4H, pcDNA4-g4L) digested with EcoRI and Sfil were subjected to ligation 
reaction using Rapid DNA Ligation Kit (Roche Diagnostics) according to the method described in the instruction manual. 
55 in addition, the humanized SB04 antibody gene fragment digested with EcoRI and Sfil (H chain variable region or L 
chain variable region), and the ecdysone analogue induced type expression plasmid (plND-g4H, plND-g4L) digested 
with EcoRI and Sfil were subjected to ligation reaction using the Rapid DNA Ligation Kit (Roche Diagnostics) according 
to the method described in the instruction manual. A portion of each of the reaction mixture was used to transform DH5oc 
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strain E. coli (TOYOBO). 

[0249] Furthermore, an expression vector was prepared as follows for expression as an ordinary humanized antibody, 
but not as a bispecific antibody. Plasmids (pCAG-g4H, pCAG-gK) with an insert of wild type antibody constant regions 
to pCAGGS having a chicken p-actin promoter (Niwa et al. 1 991 Gene, 1 08: 1 93-1 99) were digested with Xhol and Sfil 
5 to prepare expression plasmids that carry humanized XB12 antibody gene fragment (H chain variable region or L chain 
variable region) or humanized SB04 antibody gene fragment (H chain variable region or L chain variable region) collected 
after digesting the bispecific antibody expression vector mentioned above with Xhol and Sfil. DNA ligation reaction was 
performed using the Rapid DNA Ligation Kit (Roche Diagnostics), and E. coli DH5oc strain (TOYOBO) was transformed. 

10 6-3. Preparation of humanized bispecific antibody 

[0250] The genes were transfected and expression was induced in HEK293H according to the methods described in 
Examples 4-2 and 4-3, using 4 types of humanized bispecific antibody expression vectors as well as pcDNA6/TR and 
pVgRXR. Further, antibody purification and quantification of antibody concentration were conducted according to the 
15 methods shown in Examples 4-4 and 4-5. 

6-4. Preparation of humanized antibodies 

[0251 ] Expression of an ordinary humanized antibody, which is not a bispecific antibody, was accomplished by trans- 
20 fecting genes to HEK293H according to the method shown in Example 4-2, using humanized H chain antibody expression 
vector and humanized L chain antibody expression vector prepared in Example 6-3. After gene transfection, cells were 
washed by addition and removal of 10 ml_ of CHO-S-SFM-II medium (Invitrogen), then 10 ml_ of CHO-S-SFM-II was 
added, and then the cells were cultured for 3 days in a C0 2 incubator (37 °C, 5% CCy for secretion of the humanized 
antibodies. 

25 

6-5. Activity assessment of humanized bispecific antibody and modification of antibody sequence 

[0252] To assess the plasma coagulation ability of the prepared humanized bispecific antibody and chimeric bispecific 
antibody XB 12/SB04, effects of the antibodies on APTT were examined using F.VI I l-deficient plasma according to the 

30 method of Example 5. Amino acids of the human antibody FR were modified to increase activities of humanized bispecific 
antibodies whose blood coagulation capability has been reduced. In addition, the cysteine residues in the CDR3 of XB 
12 antibody VH, whose possible drop in thermostability is a concern, were modified to alanine. Specifically, mutations 
were introduced into the humanized antibody variable region using the QuikChange Site-Directed Mutagenesis Kit 
(Stratagene) according to the method described in the instruction manual. By repeating amino acid modifications to the 

35 FR sequence and assessment of blood coagulation ability, a humanized bispecific antibody (humanized XB12 antibody 
(VH:hXB12f-A, VL:hXBVL)/humanized SB04 antibody (VH:hSB04e, VL:hSBVL-F3f)) having the same activity as 
XB12/SB04 was obtained. Each antibody variable regions sequences is shown in the following SEQ ID NOs. 

(1) humanized XB12 antibody VH (hXB12f-A) SEQ ID NO: 1 (nucleotide sequence), SEQ ID NO: 2 (amino acid 
^o sequence) 

(2) humanized XB1 2 antibody VL(hXBVL) SEQ ID NO: 3 (nucleotide sequence), SEQ ID NO: 4 (amino acid sequence) 

(3) humanized SB04 antibody VH (hSB04e) SEQ ID NO: 5 (nucleotide sequence), SEQ ID NO: 6 (amino acid 
sequence) 

(4) humanized SB04 antibody VL (hSBVL-F3f) SEQ ID NO: 7 (nucleotide sequence), SEQ ID NO: 8 (amino acid 
45 sequence) 

[Example 7] Modeling of humanized antibody 

[0253] An antibody Fv region model was prepared by homology modeling using MOE software (Chemical Computing 
50 Group Inc.) to confirm the amino acid residues at the VH-VL interface of the humanized SB04 antibody. The amino acids 
of H39 and L38 at the VH-VL interface are both glutamine (Gin) and formation of hydrogen bonds by the side chains of 
both residues was confirmed (Fig. 1 A). The amino acids of H45 and L44 were leucine (Leu) and proline (Pro), respectively, 
the side chains of both residues were very close to each other and were found to form a hydrophobic core (Fig. 1B). 
The amino acid residues at these two positions have been reported to be highly conserved in human antibodies (Vargas- 
55 Madrazo E et al. J. Mol. Recognit. 2003, 16: 1 13-120). Numbering of these antibodies such as H39, L38, H45, and L44 
were based on the literature of Kabat et al. (Kabat EA et al. 1 991 . Sequences of Proteins of Immunological Interest. NIH). 
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[Example 8] Preparation and assessment of H39 and L38 amino acid-modified humanized antibody 
8-1 . Construction of an expression vector of H39 and L38-modified antibody 

5 [0254] To inhibit the association between humanized XB12 H chain and humanized SB04 L chain, H39 glutamine of 
humanized XB12H chain and L38 glutamine of humanized SB04 L chain were substituted based on the findings in 
Example 7. Specifically, to inhibit hydrogen bonding of the glutamine side chains and to allow electrostatic repulsion, 
both amino acids (H39 and L38) were substituted with lysine (Lys) or arginine (Arg) carrying a positive charge on their 
side chain, or to glutamic acid (Glu) or aspartic acid (Asp) which carry a negative charge on their side chain. Substitution 

10 of the humanized antibody gene was performed using QuickChange Site-Directed Mutagenesis Kit (Stratagene), and 
mutations were introduced according to the method described in the instruction manual. Each humanized antibody gene 
fragment carrying amino acid substitutions was inserted into a bispecific antibody expression vector used in Example 
6-2 or into an ordinary antibody expression vector. 

15 8-2. Preparation of antibodies for association regulation assessment and association regulation assessment of the 
antibodies 

[0255] To assess the regulation of H chain and L chain association, gene transfection into HEK293H was performed 
according to the method shown in Example 4-2 using 3 types of prepared antibody expression vectors: humanized 
20 XB12H chain (H39-modified), humanized SB04 L chain (L38-modified), and wild-type humanized XB12 L chain. The 
antibodies were then secreted into the culture supernatant. Next, antibody purification and quantification of antibody 
concentration were carried out according to the methods of Examples 4-4 and 4-5. 

[0256] Two-hundred ng of purified antibodies were reduced in a sample buffer (TEFCO), applied to a 1 4% SDS-PAGE 
mini gel (TEFCO), and then subjected to electrophoresis. After electrophoresis, the gels were subjected to immobilization 

25 treatment by soaking in 7% acetic acid solution containing 1 0% methanol for 30 minutes, and then stained by soaking 
in SYPRO® Ruby protein gel stain solution (BIO-RAD) for one day and night. Subsequently, the gels were subjected to 
decolorization treatment by soaking in 7% acetic acid solution containing 10% methanol for 1 hour and the image was 
analyzed using a fluorescence imager Fluorlmager SI (Amersham Biosciences) and the image was obtained. The 
obtained image was used to calculate the fluorescence intensities of the H chain and L chain bands using ImageQuant 

30 ver. 4.2 (Amersham Biosciences). 

[0257] The results are shown in Fig. 2. The proportion (%) of the XB12-L chain of interest was calculated according 
to the formula "XB12-L chain/total amount of L chain (XB12-L chain + SB04-L chain) x 100" using the calculated fluo- 
rescence intensity values. The proportion was 50% when the amino acids of the humanized XB12 H chain (H39) and 
humanized SB04 L chain (L38) were glutamine (Gin) as in the wild type, whereas the proportion of the humanized XB1 2L 

35 chain increased when H39 and L38 were substituted. In the case of substitution to glutamic acid (Glu), this proportion 
was found to increase 1.6 times to 82%. 

8-3. Preparation of bispecific antibodies for coagulation activity assessment and coagulation activity assessment of the 
antibodies 

40 

[0258] To assess the coagulation activity, gene transfection into HEK293H and induction of expression were carried 
out according to the methods described in Examples 4-2 and 4-3, using the prepared humanized XB12 H chain (H39- 
modified) and humanized SB04 L chain (L38-modified) bispecific antibody expression vector and wild-type humanized 
XB12 L chain and humanized SB04 H chain bispecific antibody expression vector, pcDNA6/TR and pVgRXR. Further- 
^5 more, antibody purification and quantification of antibody concentration were carried out according to the methods of 
Examples 4-4 and 4-5. 

[0259] Assessment of coagulation activity was performed according to the method shown in Example 5, and the results 
are shown in Fig. 3. Glutamic acid (Glu: E)-modified antibody whose proportion increased up to 82% in the association 
regulation assessment was found to show a coagulation activity greater than or equal to that of the wild type. 

50 

8-4. Preparation of antibodies for binding activity assessment 

[0260] To assess the binding activity to Factor IXa and Factor X, gene transfection into HEK293H and secretion of 
antibodies into the culture supernatant was performed according to the method described in Example 4-2, using hu- 
55 manized XB12 H chain (H39-modified) and wild-type humanized XB12L chain antibody expression vector, or wild-type 
humanized SB04 H chain and humanized SB04 Lchain (L38-modified) antibody expression vector. Furthermore, antibody 
purification and quantification of antibody concentration were carried out according to the methods of Examples 4-4 and 
4-5. 
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[0261] Assessment of binding activity against Factor IXa and Factor X were performed according to the methods 
described in Examples 1-2 and 2-2. The results are shown in Fig. 4 and Fig. 5. It was confirmed that substitution of 
amino acids at H39 and L38 did not alter the binding activity. 

[0262] These results suggested that by modifying H39 of XB12 H chain and L38 of SB04 L chain, the proportion of 
5 bispecific antibodies of interest could be increased without decreasing biological activities, including binding activity to 
antigens and coagulation activity that substitute for Factor VIII. So far, including the methods using knob and hole, there 
are no reported cases where the association was regulated by introducing only a single amino acid mutation in a 
polypeptide without decreasing the function. Accordingly, the findings of the present invention are considered to be the 
first of such kind. 

10 

[Example 9] Preparation and assessment of L44 amino acid-modified humanized antibody 
9-1 . Construction of an expression vector L44-modified antibody 

15 [0263] To inhibit the association between humanized XB12 H chain and humanized SB04 L chain, based on the 
findings in Example 7, L44 proline of humanized SB04 L chain was substituted to an amino acid carrying a charge on 
its side chain. Specifically, proline present in the hydrophobic core of the VH-VL interface was substituted to lysine (Lys) 
or arginine (Arg) carrying positive charge on their side chain, and glutamic acid (Glu) carrying a negative charge on its 
side chain was substituted to aspartic acid (Asp). Substitution of the humanized antibody gene was performed using 

20 QuickChange Site-Directed Mutagenesis Kit (Stratagene), and mutations were introduced according to the method 
described in the instruction manual. Each humanized antibody gene fragment having amino acid substitutions were 
inserted into a bispecific antibody expression vector used in Example 6-2 or into an ordinary antibody expression vector. 

9-2. Preparation of antibodies for association regulation assessment and association regulation assessment of the 
25 antibodies 

[0264] To assess the regulation of H chain and L chain association, gene transfection into HEK293H was performed 
according to the method of Example 4-2, using 3 types of prepared antibody expression vectors, humanized SB04 L 
chain (L44-modified), wild-type humanized XB12H chain, and wild-type humanized XB12 L chain, and the antibodies 
30 were secreted into the culture supernatant. Furthermore, antibody purification and quantification of antibody concentration 
were carried out according to the methods of Examples 4-4 and 4-5. 

[0265] Two-hundred ng of purified antibodies were reduced in a sample buffer (TEFCO), applied to a 1 4% SDS-PAGE 
mini gel (TEFCO), and then subjected to electrophoresis. After electrophoresis, the gels were subjected to immobilization 
treatment by soaking in 7% acetic acid solution containing 10% methanol for 30 minutes, and then stained by soaking 

35 in SYPRO® Ruby protein gel stain solution (BIO-RAD) for one day and night. Subsequently, the gels were subjected to 
decolorization treatment by soaking in 7% acetic acid solution containing 10% methanol for 1 hour and the image was 
analyzed using a fluorescence imager Fluorlmager SI (Amersham Biosciences) and the images were obtained. The 
obtained images were used to calculate the fluorescence intensities of the H chain and L chain bands using ImageQuant 
ver. 4.2 (Amersham Biosciences). 

40 [0266] The results are shown in Fig. 6. The proportion (%) of the XB12-L chain of interest was calculated according 
to the formula "XB12-L chain/total amount of L chain (XB12-L chain + SB04-L chain) x 100" using the calculated fluo- 
rescence intensity values. The proportion was 47% when the amino acid of the humanized SB04 L chain (L44) was 
proline (Pro) as in the wild type, whereas the proportion of the humanized XB12L chain increased when L44 was 
substituted, and this proportion was found to increase 1 .8-1 .9 times to 86-90%. 

45 

9-3. Preparation of bispecific antibodies for coagulation activity assessment and coagulation activity assessment of the 
antibodies 

[0267] To assess the coagulation activity, gene transfection into HEK293H and induction of expression were carried 
50 out according to the methods described in Examples 4-2 and 4-3, using the prepared humanized SB04 L chain (L44- 
modified) bispecific antibody expression vector and wild-type humanized XB1 2 H chain, humanized XB1 2 L chain, and 
humanized SB04 H chain bispecific antibody expression vector, pcDNA6/TR and pVgRXR. Furthermore, antibody pu- 
rification and quantification of antibody concentration were carried out according to the methods of Examples 4-4and 4-5. 
[0268] Assessment of coagulation activity was performed according to the method shown in Example 5, and the results 
55 are shown in Fig. 7. All modified antibodies whose proportion had increased in the association regulation assessment 
were found to show a coagulation activity greater than that of the wild type. 
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9- 4. Preparation of antibodies for binding activity assessment 

[0269] To assess the binding activity against Factor X, gene transfection into HEK293H and secretion of antibodies 
into the culture supernatant was performed according to the method described in Example 4-2, using wild-type humanized 

5 SB04 H chain and humanized SB04 L chain (L44-modified) antibody expression vector. Furthermore, quantification of 
antibody concentration in the culture supernatant was carried out according to the method of Example 4-5. 
[0270] Assessment of binding activity against Factor X was performed using the culture supernatant according to the 
method described in Example 2-2. The results are shown in Fig. 8. It was confirmed that substitution of amino acid at 
L44 does not change the binding activity. 

10 [0271] These results suggested that by modifying the amino acid at one position, L44, in the SB04 L chain, the 
proportion of bispecific antibodies of interest could be increased without decreasing biological activities, including binding 
activity to the antigens and coagulation activity that substitute for Factor VIII. So far, including the methods using knob 
and hole, there are no reported cases where the association was regulated by introducing only a single amino acid in 
a polypeptide without decreasing the function. Thus, the findings of the instant invention are considered to be the first 

15 of such kind. 

[Example 10] Preparation and assessment of H39 and L38, and L44 amino acid-modified humanized antibody 

10- 1. Construction of an expression vector of H39 and L38, and L44-modified antibody 

20 

[0272] To inhibit the association between humanized XB12 H chain and humanized SB04 L chain, H39 of humanized 
XB12 H chain and L38 and L44 of humanized SB04 L chain were substituted with amino acids carrying a charge on 
their side chain based on the findings of Examples 8 and 9. Specifically, both amino acids at H39 of humanized XB12 
H chain and L38 of humanized SB04 L chain were substituted with glutamic acid (Glu), which was found to be most 

25 effective in Example 8, and proline present at L44 of humanized SB04 L chain was substituted to lysine (Lys) or arginine 
(Arg) carrying a positive charge in their side chain, or to glutamic acid (Glu) or aspartic acid (Asp) carrying a negative 
charge in their side chain. Substitution of the humanized antibody gene was performed using QuickChange Site-Directed 
Mutagenesis Kit (Stratagene), and mutations were introduced according to the method described in the instruction 
manual. Each humanized antibody gene fragment carrying amino acid substitutions was inserted into the bispecific 

30 antibody expression vector used in Example 6-2 or an ordinary antibody expression vector. 

10-2. Preparation of antibodies for association regulation assessment and association regulation assessment of the 
antibodies 

35 [0273] To assess the regulation of H chain and L chain association, gene transfection into HEK293H was performed 
according to the method of Example 4-2, using 3 types of antibody expression vectors: modified humanized SB04 L 
chain, modified humanized XB12 H chain, and wild-type humanized XB12 L chain. The antibodies were then secreted 
into the culture supernatant. Furthermore, antibody purification and quantification of antibody concentration were carried 
out according to the methods of Examples 4-4 and 4-5. 

40 [0274] Two-hundred ng of purified antibodies were reduced in a sample buffer (TEFCO), applied to a 1 4% SDS-PAGE 
mini gel (TEFCO), and then subjected to electrophoresis. After electrophoresis, the gels were subjected to immobilization 
treatment by soaking in 7% acetic acid solution containing 10% methanol for 30 minutes, and then stained by soaking 
in SYPRO® Ruby protein gel stain solution (BIO-RAD) for one day and night. Subsequently, the gels were subjected to 
decolorization treatment by soaking in 7% acetic acid solution containing 10% methanol for one hour and the image 

45 was analyzed using a fluorescence imager Fluorlmager SI (Amersham Biosciences) and the images were obtained. 
The obtained images were used to calculate the fluorescence intensities of the H chain and L chain bands using Image- 
Quant ver. 4.2 (Amersham Biosciences). 

[0275] The results are shown in Fig. 9. The proportion (%) of the XB12-L chain of interest was calculated according 
to the formula "XB12-L chain/total amount of L chain (XB12-L chain + SB04-L chain) x 100" using the calculated fluo- 

50 rescence intensity values. The proportion was 82% when both amino acids of the humanized XB12 H chain (H39) and 
humanized SB04 L chain (L38) was modified to glutamic acid (Glu) and the humanized SB04 L chain (L44) was proline 
(Pro) as in the wild type, whereas the proportion of the humanized XB12L chain increased to 94-96% when L44 was 
substituted in addition to the substitution of both amino acids of the humanized XB12 H chain (H39) and humanized 
SB04 L chain (L38) to glutamic acid (Glu). This increase in proportion was greater than the 86-90% observed when L44 

55 alone was substituted in Example 9. 
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10-3. Preparation of bispecific antibodies for coagulation activity assessment and coagulation activity assessment of 
the antibodies 

[0276] To assess the coagulation activity, gene transfection into HEK293H and induction of expression were carried 
5 out according to the methods described in Examples 4-2 and 4-3, using the prepared modified humanized XB12 H chain, 

humanized XB1 2 L chain, and humanized SB04 H chain bispecific antibody expression vector and wild-type humanized 

XB12 H chain, humanized XB1 2 L chain, and humanized SB04 H chain bispecific antibody expression vector, pcDNA6/TR 

and pVgRXR. Furthermore, antibody purification and quantification of antibody concentration were carried out according 

to the methods of Examples 4-4 and 4-5. 
10 [0277] Assessment of coagulation activity was performed according to the method shown in Example 5, and the results 

are shown in Fig. 10. All modified antibodies whose proportion had increased in the association regulation assessment 

were found to show a coagulation activity equivalent to that of the wild type. 

1 0-4. Preparation of antibodies for binding activity assessment 

15 

[0278] To assess the binding activity against Factor X, gene transfection into HEK293H and secretion of antibodies 
into the culture supernatant was performed according to the method described in Example 4-2 using wild-type humanized 
SB04 H chain and modified humanized SB04 L chain antibody expression vector. Furthermore, quantification of antibody 
concentration in the culture supernatant was carried out according to the method of Example 4-5. 
20 [0279] Assessment of binding activity against Factor X was performed using the culture supernatant according to the 
method described in Example 2-2. The results are shown in Fig. 1 1. It was confirmed that substitution of both amino 
acids at L38 and L44 did not alter the binding activity. 

[0280] These results suggested that by modifying the amino acids at H39 of the XB12 H chain and L38 and L44 in 
the SB04 L chain, the proportion of bispecific antibodies of interest can be increased without decreasing biological 
25 activities which are binding activity to antigens and coagulation activity that substitute for Factor VIII. The proportion of 
the bispecific antibody was found to increase as the number of amino acids modified at the interface increased. 

[Example 1 1] Separation and structure determination of structural isomers of hVB22B u2-wz4 sc(Fv)2 

30 11-1. Preparation of humanized anti-human Mpl antibody hVB22B u2-wz4 sc(Fv)2 

[0281] Methods for producing hVB22B u2-wz4 sc(Fv)2 (hereinafter referred to as u2-wz4) which is a humanized anti- 
Mpl antibody is described in WO2005/56604. This gene was prepared by PCR using a nucleotide sequence encoding 
the linker sequence (GlyGlyGlyGlySer) x 3 so that it will comprise a nucleotide sequence composed of VH - linker 

35 sequence- VL- linker sequence -VH- linker sequence -VL (see SEQ ID NO: 12; and SEQ ID NO: 286 of WO2005/56604). 
After the nucleotide sequence of the gene was confirmed, cell lines with stable expression was prepared by constructing 
an expression vector by cloning a DNA fragment into expression vector pCXND3, and introducing the gene into CHO- 
DG44 cells. More specifically, 0.75 ml_ of a mixture of the expression vector (20 |mg) and CHO-DG44 cells (1 x 10 7 
cells/mL) suspended in PBS was placed on ice for 1 0 minutes and transferred to a cuvette, and then a pulse was applied 

^o at 1 .5 kV and 25 ijlFD using a Gene Pulser Xcell (BioRad). After a recovery period of 1 0 minutes at room temperature, 
cells subjected to electroporation treatment were selected by placing them into CHO-S-SFMII medium (Invitrogen) 
containing 500 img/mL Geneticin (Invitrogen), and an u2-wz4-producing CHO cell line was established. 
[0282] Since the humanized antibody, hVB22B u2-wz4 sc(Fv)2, does not have a Flag tag added, the purification from 
the culture supernatant was carried out using a fusion protein of GST and MG10 (Gln213 to Ala231 in the amino acid 

45 sequence of human Mpl) which is an epitope recognized by the antibody. The MG10-GST fusion protein was purified 
using Glutathione Sepharose 4B (Amersham Biosciences) according to the supplier's protocol. Then, the purified MG1 0- 
GST fusion protein was immobilized onto HiTrap NHS-activated HP (Amersham Biosciences) to prepare an affinity 
column, according to the supplier's protocol. The culture supernatant of CHO cells expressing the humanized antibody, 
hVB22B u2-wz4 sc(Fv)2, was loaded onto the MG10-GST fusion protein-immobilized column, humanized antibody 

50 hVB22B u2-wz4 sc(Fv)2 was adsorbed to the column, and then was eluted with 100 mM Glycine-HCI (pH 3.5), 0.01% 
Tween80. The eluted fractions were immediately neutralized with 1 M Tris-HCI (pH7.4), and the monomer was purified 
by gel filtration chromatography using HiLoad 16/60 Superdex200pg (Amersham Biosciences). 20 mM citrate buffer 
(pH7.5) containing 300 mM NaCI and 0.01% Tween 80 was used in the gel filtration chromatography. 

55 1 1 -2. Separation and purification of conformational isomers of hVB22B u2-wz4 sc(Fv)2 

[0283] Since hVB22B u2-wz4 sc(Fv)2 is an sc(Fv)2 composed of the sequence VH 1 - linker - VL 2 - linker - VH 3 - linker 
- VL 4 , as shown in Fig. 12, depending on the combination of Fvs (molecules having non-covalent bonds between VH 
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and VL), 2 kinds of conformational isomers can exist, as in VB22B sc(Fv)2, which are the bivalent scFv-type in which 
each pairs of VH 1 and VL 2 , and VH 3 and VL 4 forms a Fv, and the single chain diabody-type in which each pairs of VH 1 
and VL 4 , and VH 2 and VL 3 form a Fv . 

[0284] Result of examination of the separation of conformational isomers of hVB22B u2-wz4 sc(Fv)2 suggested that 
5 each component of hVB22B u2-wz4 sc(Fv)2 can be separated by cation exchange chromatography using Bio Assist S 
(TOSOH) under the following elution conditions. 

Mobile phase A: 20 mM sodium phosphate, pH7.5 
Mobile phase B: 20 mM sodium phosphate, 500 mM NaCI, pH 7.5 
10 Flow rate: 0.8 mL/min 

Gradient: B 0% to B 35% (30 minutes) 

[0285] Under the above-mentioned conditions, hVB22B u2-wz4 sc(Fv)2 was separated into two peaks. The chroma- 
togram shown in Fig. 13 was obtained, and starting from the shorter retention time, the peaks were named peak 1 and 
15 peak 2. 

[0286] The molecular weight of peak 1 and peak 2 were measured using a Q-TOF-type mass spectrometer (Q T of 
Ultima, Micro Mass). Sample solutions were infused into Q-TOF, and deconvolution of the obtained polyvalent ion spectra 
(+) using the included software (MassLynx) gave results showing that the molecular weight of peak 1 and peak 2 are 
53768 Da and 53769 Da, respectively. This showed that peak 1 and peak 2 have the same molecular weight. 

20 [0287] Peptide mapping was performed on peak 1 and peak 2. After reductive denaturation and carboxymethylation, 
peptide fragments were obtained by digestion using trypsin, and peptide maps were obtained by reverse-phase chro- 
matography (YMC-Pack-ODS). Comparing the peptide maps of peak 1 and peak 2, the mapping patterns of peak 1 and 
peak 2 were the same as shown in Fig. 14, therefore, the amino acid primary structure was found to be the same. 
[0288] Since hVB22B u2-wz4sc(Fv)2 is not glycosylated, peakl andpeak2 have the same molecular weight according 

25 to TOF-MASS measurements, and peak 1 and peak2 have the same mapping patterns, peak 1 and peak 2 were found 
to be conformational isomers having different three dimensional structures. 

[0289] Since hVB22B u2-wz4 sc(Fv)2 is an sc(Fv)2 comprising the sequence, VH 1 - linker - VL 2 - linker - VH 3 - linker 
- VL 4 , as shown in Fig. 12, depending on the combination of Fvs (molecules comprising non-covalent bonds between 
VH and VL), 2 kinds of conformational isomers can exist. Namely, the isomers are the bivalent scFv-type in which each 
30 pairs of VH 1 and VL 2 , and VH 3 and VL 4 forms a Fv, and the single chain diabody-type in which each pairs of VH 1 and 
VL 4 , and VH 2 and VL 3 forms a Fv. Peak 1 and peak 2 were considered to have either one of the conformations; the 
bivalent scFv-type or the single chain diabody-type. 

[0290] Protease-limited proteolysis was developed as an analysis method for identifying the two types of conformational 
isomers. Since the linker portion of sc(Fv)2 has a relatively free structure, it is considered to have low resistance to 
35 proteases, and peak 1, peak 2, and hVB22B u2-wz4 sc(Fv)2 (The ratio of peak 1 peak 2 is approximately 1 :4) were 
reacted with subtilisin A, a type of protease, under the following conditions: 

20 mM sodium citrate, 150 mM NaCI, pH7.5 
hVB22B u2-wz4 sc(Fv)2 peak 1 or peak 2: 0.15 mg/mL 
40 Subtilisin A: 10 juig/mL 

37°C, 30 minutes 

[0291] After the reaction, reductive SDS-PAGE was performed using Phastgel Homogeneous 12.5%. As a result, as 
shown in Fig. 1 5, hVB22B u2-wz4 sc(Fv)2 bulk, peak 1 , and peak 2 all showed the same band patterns. The use of the 
45 above-mentioned reaction conditions was found to enable partial and limited digestion of the linker portions of hVB22B 
u2-wz4 sc(Fv)2, since specific bands for each of the fragments that appeared to be produced by the digestion of the 
three linker portions of hVB22B u2-wz4 sc(Fv)2 were obtained. 

[0292] When one of the three linkers is cleaved in the bivalent scFv-type and single chain diabody-type conformations, 
as shown in Fig. 1 6, under native conditions, the apparent molecular weight will not change no matter which linker among 
50 the three is cleaved in the single chain diabody-type conformation due to non-covalent bonding between VH and VL. 
However, in the bivalent scFv-type when the central linker is cleaved, molecular species having half the molecular weight 
will be produced. Therefore, hVB22B u2-wz4 sc(Fv)2 bulk, peak 1 , and peak 2 whose linkers were partially cleaved by 
the above-mentioned reaction conditions were analyzed by gel filtration chromatography using TSK Super SW2000 
(TOSOH). Gel filtration chromatography was performed under the following conditions: 

55 

Mobile phase: DPBS(-) pH7.4 
Flow rate: 0.2 mL/min 
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[0293] As a result, as shown in Fig. 17, minibody peaks was not observed at all in peak 2, whereas, minibody peaks 
(approximately half the molecular weight) were observed for peak 1 . hVB22B u2-wz4 sc(Fv)2 bulk which is a mixture of 
peak 1 and peak 2 showed low-molecular weight peaks whose amount correspond to the abundance ratio of peak 1 . 
Therefore, these results identified peak 1 as a bivalent scFv-type and peak 2 as a single chain diabody-type. 

5 

[Example 12] Preparation, conformational isomer analysis, and identification of VH/VL interface-modified sc(Fv)2 

12-1. Preparation of VH/VL interface-modified sc(Fv)2 

10 [0294] VH/VL interface-modified sc(Fv)2 was prepared by the following method to confirm whether the formation of 
conformational isomers of sc(Fv)2 could be regulated through regulation of the association by the VH/VL interface 
modification to sc(Fv)2, which is a minibody. 

[0295] Gin at position 39 of VH (position 39 in the amino acid sequence of SEQ ID NO: 13; see SEQ ID NO: 289 of 
WO2005/56604), and Gin at position 38 of VL (position 43 in the amino acid sequence of SEQ ID NO: 14; see SEQ ID 

15 NO: 289 of WO2005/56604) which are amino acids that form the VH/VL interface of u2-wz4 were modified as follows. 
First, the hVB22B u2-wz4(v1) sc(Fv)2 gene (hereinafter referred to as v1 ; the nucleotide sequence is shown in SEQ ID 
NO: 15, and the amino acid sequence encoded by the nucleotide sequence is shown in SEQ ID NO: 16), in which Gin 
at position 39 of VH1 (genetic codon: CAG) was modified to Glu (genetic codon: GAG), Gin at position 38 of VL2 (genetic 
codon: CAG) was modified to Glu (genetic codon: GAG), Gin at position 39 of VH3 (genetic codon: CAG) was modified 

20 to Lys (genetic codon: AAG), and Gin at position 38 of VL4 (genetic codon: CAG) was modified to Lys (genetic codon: 
AAG), was produced. Furthermore, the hVB22B u2-wz4(v3) sc(Fv)2 gene (hereinafter referred to as v3; the nucleotide 
sequence is shown in SEQ ID NO: 17, and the amino acid sequence encoded by the nucleotide sequence is shown in 
SEQ ID NO: 1 8), in which Gin at position 39 of VH1 (genetic codon: CAG) was modified to Glu (genetic codon: GAG), 
Gin at position 38 of VL2 (genetic codon: CAG) was modified to Lys (genetic codon: AAG), Gin at position 39 of VH3 

25 (genetic codon: CAG) was modified to Lys (genetic codon: AAG), and Gin at position 38 of VL4 (genetic codon: CAG) 
was modified to Glu (genetic codon: GAG), was produced. Gene modification was carried out by introducing point 
mutations using QuikChange Site-Directed Mutagenesis Kit (STRATAGENE) according to the manufacturer's protocol. 
After confirming the nucleotide sequences of each genes, stable cell lines were prepared by constructing expression 
vectors by cloning DNA fragments into expression vector pCXND3, and introducing the gene into CHO-DG44 cells. The 

30 v1 -producing CHO cell line and v3-producing CHO cell line were established according to the method shown in Example 
11. 

[0296] Monomeric molecules of variants v1 and v3 were purified according to the method of Example 1 1 using the 
MG10-GST fusion protein immobilized column. The results of gel filtration chromatography shown in Fig. 18 showed 
that for variants v1 and v3, the dimers and larger aggregates decreased in the culture supernatant and the proportion 
35 of monomers increased from 59% (u2-wz4 before modification) to 89% for v1 and 77% for v3. It seems that modification 
of amino acids at the VH/VL interface inhibits unfavorable associations by charge repulsion and promotes favorable 
association in variants v1 and v3. Accordingly, efficient expression of the monomeric molecules was successfully ac- 
complished by this regulation of the association. 

40 12-2. Conformational isomer analysis and identification of VH/VL interface-modified sc(Fv)2 

[0297] The ratios of conformational isomers present in the obtained VH/VL interface-modified v1 and v3, and in the 
unmodified u2-wz4 were analyzed by cation exchange chromatography and isoelectric focusing. The conformations 
were identified by the protease-limited proteolysis method. Cation exchange chromatography was performed as follows: 
45 Column: TSK-gel Bioassist S, 4.6 mm<|> x 50 mm (TOSOH) 
Flow rate: 0.8 mL/min 
Detection wavelength: 220 nm 
Elution condition: 

50 Eluent A: 20 mmol/L Phosphate buffer (pH 7.0) 

Eluent B: 20 mmol/L Phosphate buffer / 500 mmol/L NaCI (pH7.0) 



55 



Gradient: 



Time (minutes) B% 
0 0 
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(continued) 



Time (minutes) B% 

5 0 

25 30 

25.1 100 

35 100 

35.1 0 



[0298] Isoelectric focusing was performed as follows. PhastGel Dry IEF gel (Amersham Biosciences) was swollen for 
30 minutes in the gel swelling solution described below. First, the samples were applied to the swollen gel, and subjected 
to electrophoresis using the PhastSystem under the following conditions. After electrophoresis, the gel was soaked for 
30 minutes in a 20% TCA solution, then subjected to a five-minute wash for three times or more in milliQ water, and 
then to Coomassie stained or silver stained depending on the protein concentration of the samples. In Coomassie 
staining, 0.02% CBB containing 0.1% CuS0 4 (w/v) was used as the solution for staining, and 30% methanol containing 
10% acetic acid was used for decolorization. In silver staining, Silver stain kit, Protein (Amersham Biosciences) was 
used and staining was performed according to the standard protocol attached to the kit. 

<gel swelling solution> 

[0299] 

Pharmalyte 8.5-1 0 80 julL 
Biolyte7-9 1 0 julL 

Biolyte3-9 1 0 julL 

20% Glycerol 2.0 ml_ 

electrophoresis program> 
[0300] 

SAMPLE APPLICATION DOWN AT step 2 
SAMPLE APPLICATION UP AT step 3 
Step 1 2000 V 2.5 mA 3.5 W 1 5 ° C 
Step 2 200 V 2.5 mA 3.5 W 15°C 
Step 3 2000 V 2.5 mA 3.5 W 15°C 



0 Vh 
0 Vh 
75 Vh 
15 Vh 
410 Vh 



[0301] Conformations were identified under the following conditions by the protease-limited proteolysis method. Peak 
1 purified from u2-wz4, peak 2 purified from u2-wz4, and variant v1 and variant v3 were allowed to react using subtilisin 
A under the following conditions: 



20 mM sodium citrate, 150 mM NaCI, pH7.5 
hVB22B u2-wz4 sc(Fv)2 peak 1 or peak 2: 0.15 mg/mL 
Subtilisin A: 10 jig/mL 
37°C, 30 minutes 



[0302] The obtained reaction solution was analyzed by gel filtration chromatography under the following conditions: 



Column: TSKgel Super2000sw (TOSOH) 

Eluent: 50 mM sodium phosphate, 300 mM KCI, pH7.0 

Flow rate: 0.2 mL/min 

Detection: 220 nm 



[0303] From the results of conformational isomer analysis by cation exchange chromatography and isoelectric focusing 
shown in Figs. 1 9 and 20, u2-wz4 was found to be expressed as a mixture of both conformational isomers in which 24% 
is the bivalent scFv-type and 76% is the single chain diabody-type, whereas 1 00% of variant v1 was expressed as the 
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single chain diabody-type conformational isomer, and 100% of variant v3 was expressed as the bivalent scFv-type 
conformational isomer. Furthermore, as shown in Fig. 21, the results of protease-limited proteolysis showed that the 
minibody peaks are found in variant v3 as in peak 1 purified from u2-wz4 and that the minibody peaks are absent in 
variant v1 as in peak 2 purified from u2-wz4. This data confirms that variant v1 is expressed as a single chain diabody- 
5 type conformational isomer and variant v3 is expressed as a bivalent scFv-type conformational isomer. 

[Example 13] Activity assessment and stability assessment of VH/VL interface-modified sc(Fv)2 13-1 . Assessment of 
biological activity of VH/VL interface-modified sc(Fv)2 

10 [0304] It has been reported in literature (Blood 2005; 105:562-566) that anti-human Mpl antibody VB22B sc(Fv)2 
shows TPO-like agonist activity. Accordingly, the TPO-like agonist activity of the separated conformational isomers was 
assessed using BaF3-human Mpl or BaF3-monkey Mpl that indicates TPO-dependent growth. 

[0305] Each cell was washed twice with RPMI1 640 (Invitrogen) containing 1% Fetal Bovine Serum (Invitrogen), then 
suspended in RPMI1640 containing 10% Fetal Bovine Serum to 4 x 10 5 cells/mL, and then dispensed into a 96-well 

15 plate at 60 imL/well. 40|ulL of rhTPO (R&D) or the conformational isomer sample was added to each well at various 
concentrations and, and the cells were cultured at 37 °C under 5% CQ for 24 hours. Immediately after adding WST-8 
reagent (Cell Count Reagent SF, Nakalai Tesque) at 10 jutL/well, the absorbance at 450 nm (control: 655 nm) was 
measured on Benchmark Plus, and the absorbance at 450 nm (control: 655 nm) was measured again after culturing for 
2 hours. Since WST-8 reagent exhibits a chromogenic reaction at 450 nm depending on the number of viable cells, 

20 TPO-like agonist activity was assessed using the change in absorption during the 2 hours as an indicator. 

[0306] The results of assessing TPO-like agonist activity in BaF3-human Mpl and BaF3-monkey Mpl using the purified 
VB22B sc(Fv)2 conformational isomer are shown individually in Fig. 17. Comparison of agonist activity of the confor- 
mational isomers of peak 1 and peak 2 indicated that peak 2 possessed a significantly higher activity. This suggested 
that in order for anti-MpI antibody sc(Fv)2 to exert TPO-like agonist activity, it has to form a single chain diabody 

25 conformation. 

[0307] According to the method indicated in Example 1 , agonist activity of VH/VL interface-modified v1 and v3 were 
evaluated. Agonist activity differs greatly between the conformational isomers, and as shown in Fig. 12, peak 2 having 
a single chain diabody conformation showed a very high agonist activity, whereas the activity of peak 1 having a bivalent 
scFv conformation was decreased significantly. As shown in Fig. 22, variant v1 showed the same activity as peak 2, 
30 and variant v3 showed nearly the same activity as peak 1. Accordingly, biological activities also confirmed that variant 
v1 formed a single chain diabody conformation, and variant v3 forms a bivalent scFv conformation. 

13-2. Assessment of stability of VH/VL interface-modified sc(Fv)2 

35 [0308] To assess the stability of peak 1 purified from u2-wz4, peak 2 purified from u2-wz4, variant v1 , and variant v3, 
the denaturation transition temperature (Tm value) was measured using differential scanning calorimetry under the 
following conditions. 

DSC: N-DSCII (Applied Thermodynamics) 
to Elution conditions: 20 mM sodium citrate, 300 mM NaCI, pH7.0 

Protein concentration: 0.1 mg/mL 
Scanning speed: 1 °C/minute 

[0309] The results of the respective DSC measurements are shown in Fig. 23. The Tm values for peak 2 purified from 
45 uw-wz4 and variant v1 had nearly the same Tm values as the unmodified form, and their stabilities were found to be the 
same. Between peak 1 purified from u2-wz4 and variant v3, variant v3 showed slightly lower stability. As an example of 
interface regulation performed according to methods that utilize the knob-into-hole technique, there is a report (Acta. 
Pharmacol. Sin. 2005 26(6): 649-58) that in the heterologous association of IgG CH3 domains, the Tm value for the 
unmodified CH3 domain is 80.4°C, whereas the Tm value for the modified CH3 domain is 69.4°C, and the Tm value 
50 decreases by a large amount and the stability decreases. In contrast, it was confirmed in the present invention that 
association can be regulated without decreasing the stability. 

[031 0] Next, stability assessment was performed by thermal acceleration tests under the following conditions on peak 
1 purified from u2-wz4 and peak 2 purified from u2-wz4, and on VH/VL interface-modified variants v1 and v3. 

55 <Thermal acceleration conditions> 

[0311] 
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Solution conditions: 20 mM sodium citrate, pH 6.0 
Protein concentration: 0.25 mg/mL 
Acceleration conditions: 40 °C - 6 days, 12 days 

5 [031 2] The accelerated samples were analyzed by gel filtration chromatography and cation exchange chromatography 
under the following conditions. 

[031 3] As shown in Fig. 24, the results of gel filtration chromatography analysis confirmed that the monomer recovery 
rate is nearly the same for peak 2 purified from u2-wz4 and variant v1 , and the stability of association was nearly the 
same. The monomer recovery rate was also nearly the same for peak 1 purified from u2-wz4 and variant v3, and the 

10 stability of association was nearly the same in both conformational isomers. 

[0314] As indicated in Fig. 25, as a result of cation exchange chromatography analysis, purified peak 1 in the unmodified 
form isomerized to peak 2 by an isomerization reaction, and purified peak 2 in the unmodified form isomerized to peak 
1 by an isomerization reaction, whereas the VH/VL interface-modified v1 and v2 did not undergo an isomerization reaction 
even after the thermal acceleration. It was found out that applying modifications to the VH/VL interface allow one of the 

15 two types of conformational isomers alone to be expressed at 100%, and in addition, the respective conformational 
isomers obtained do not undergo an isomerization reaction and can be stably stored. 

[031 5] The present Example demonstrated that one of the two types of conformational isomers alone can be expressed 
at 1 00% by using the VH/VL interface modifications applied to v1 and v3. A known method for VH/VL- interface regulation 
for obtaining a single chain antibody having the conformation of interest is a method of regulating the conformations of 

20 bispecific diabodies using the knobs-into-holes technique (Protein Sci. 1 997 Apr; 6(4):781 -8, Remodeling domain inter- 
faces to enhance heterodimer formation., Zhu Z, Presta LG, Zapata G, Carter P). It is reported that this method increases 
the percentage of formation of the heterodimer conformation of interest from 72% to 92% by modifying amino acids at 
a total of four positions per VH/VL interface. In contrast, the present invention succeeded in obtaining the conformation 
of interest at 1 00% and without decreasing the thermal stability and the stability of the conformational isomer by modifying 

25 amino acids at four positions. 

[Example 14] Humanization of bispecific antibody carrying a hybrid L chain 

[0316] The bispecific antibody (Japanese Patent Application No. 2005-1 12514) composed of a combination of anti- 
30 Factor IXa antibody A69-VH, anti-Factor X antibody B26-VH, and hybrid L chain (BBA), which was the most effective 
in shortening blood coagulation time, was subjected to humanization as follows. 

14-1. Homology search of humanized antibodies 

35 [031 7] Using database constructed by obtaining amino acid sequence data of human antibodies from publicly disclosed 
Kabat Database (ftp://ftp.ebi.ac.uk/pub/databases/kabat/) and IMGT Database (http://imgt.cines.fr/), homology search 
was carried out separately for the mouse A69-H chain variable region (amino acid sequence: SEQ ID NO: 57), mouse 
B26-H chain variable region (amino acid sequence: SEQ ID NO: 58), and mouse BBA-L chain variable region (amino 
acid sequence: SEQ ID NO: 59). The results confirmed that they have high homologies to the human antibody sequences 

40 shown below, and it was thus decided that they would be used as the framework region (hereinafter abbreviated as FR) 
of humanized antibodies. 

(1) A69-H chain variable region: KABATID-000064 (Kabat Database) (Kipps et al., J. Clin. Invest. 1991; 87: 
2087-2096) 

45 (2)B26-H chain variable region: EMBL Accession No. AB063872(IMGT Database) (Unpublished data) 

(3) BBA-L chain variable region: KABATID-024300 (Kabat Database) (Welschof et al., J. Immunol. Method 1995; 
179:203-214) 

Humanized antibodies in which complementarity determining regions (hereinafter abbreviated as CDR) of each mouse 
50 antibody were grafted into the FRs of human antibodies (1 )-(3) were prepared. 

[031 8] Also, the web homology search site publicly disclosed by NCBI (http://www.ncbi.nlm.nih.gov/BLAST/) was used 
to search secretory signal sequences of human antibodies that are highly homologous to the human antibodies of (1 )-(3). 
The following secretory signal sequences obtained by the search were used. 

55 (1 ) A69-H chain variable region: GenBank Accession No. AF062257 

(2) B26-H chain variable region: GenBank Accession No. AAC 18248 

(3) BBA-L chain variable region: GenBank Accession No. AAA59100 
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14-2. Construction of humanized antibody gene expression vector 

[031 9] Twelve synthetic oligoDNAs of about 50 bases were prepared from a nucleotide sequence encoding the amino 
acid sequence from the secretory signal sequence to the antibody variable region, such that about 20 bases of their 3'- 

5 end anneal with each other. Furthermore, a primer annealing to the 5'-end of an antibody variable region gene and 
having the Xhol cleavage sequence, and a primer annealing to the 3'-end of an antibody variable region gene, having 
the Sfil cleavage sequence and also encoding the 5'-end sequence of the intron sequence were prepared. 
[0320] 1 julL each of the synthetic oligoDNAs prepared at 2.5 |jlM were mixed, and 1x TaKaRa Ex Taq Buffer, 0.4 mM 
dNTPs, and 0.5 units TaKaRa Ex Taq (all from Takara Shuzo) were added to prepare 48 julL of a reaction solution. After 

10 heating this at 94 °C for 5 minutes, 2 cycles of reacting at 94 °C for 2 minutes, 55 °C for 2 minutes, and 72 °C for 2 minutes 
were performed to assemble and elongate each of the synthetic oligoDNAs. Next, 1 julL (1 0 |ulM each) of primers annealing 
to the 5'-end and to the 3'-end of the antibody gene were added, and the antibody variable region genes were amplified 
by 35 cycles of reacting at 94 °C for 30 seconds, 55 °C for 30 seconds, and 72 °C for 1 min and then reacting at 75 °C for 
5 minutes. After PCR, the whole amount of the reaction solution was subjected to 1% agarose gel electrophoresis. 

15 Amplified fragments having the size of interest (approximately 400 bp) were purified using the QIAquick Gel Extraction 
Kit (QIAGEN) according to the method described in the instruction manual, and were eluted with 30 |ml_ of sterile water. 
These fragments were cloned using the pGEM-T Easy Vector System (Promega) according to the method described in 
the instruction manual. Nucleotide sequence of each of the DNA fragments was determined using the Big Dye Terminator 
Cycle Sequencing Kit (Applied Biosystems) and ABI PRISM 3730xL DNA Sequencer (Applied Biosystems) according 

20 to the method described in the instruction manual. 

[0321] The H-chain variable region fragment-inserted plasmid and the L-chain variable region fragment-inserted plas- 
mid, each of which were confirmed to have the correct humanized antibody variable region gene sequence, were digested 
with Xhol and Sfil, and EcoRI respectively. Then, the reaction solution was subjected to 1 % agarose gel electrophoresis. 
DNA fragments having the size of interest (approximately 400 bp) were purified using QIAquick Gel Extraction Kit 

25 (QIAGEN) according to the method described in the instruction manual, and eluted with 30 julL of sterile water. Then, 
expression vectors for animal cells were prepared as follows. To preferentially express lgG4 whose H chains are of a 
heterologous combination, a CH3 portion amino acid-substituted lgG4 was used by referring to the knobs-into-holes 
technique of lgG1 (Non-Patent Document 3). Furthermore, to promote H chain dimer formation, amino acid substitution 
(-ppcpScp- -> -ppcpPcp-) was also introduced to the hinge. Humanized A69 H chain expression vector was prepared 

30 by inserting humanized A69 H chain variable region antibody gene fragment into an expression vector prepared by 
inserting Y349C and T366W-substituted constant region gene to pCAGGS comprising a chicken p-actin promoter (Niwa 
et al. 1 991 Gene, 1 08: 1 93-1 99). Humanized B26 H chain expression vector was prepared by inserting humanized B26 
H chain variable region antibody gene fragment into an expression vector prepared by inserting E356C, T366S, L368A, 
and Y407V-substituted constant region gene to pCAGGS. Plasmid (pCAG-gKDNA) prepared by inserting a wild type 

35 antibody L chain constant region to pCAGGS was digested with EcoRI to prepare expression vectors inserted with 
humanized BBA L chain variable region antibody gene fragment. Ligation reaction was performed using Rapid DNA 
Ligation Kit (Roche Diagnostics), and DH5oc strain E. coli (TOYOBO) was transformed. 

14-3. Preparation of humanized bispecific antibodies 

40 

[0322] Humanized bispecific antibodies were expressed according to the method described in Example 4-2 or ac- 
cording to the following method. Human fetal renal carcinoma cell-derived HEK293H strain (Invitrogen) was suspended 
in a DM EM medium (Invitrogen) containing 10% FCS (Invitrogen), and 1 0 mL of this was seeded at a cell density of 5-6 
x 10 5 cells/mL in each dish used for adhesive cells (10-cm diameter, CORNING) and cultured for one day and night in 

45 a C0 2 incubator (37° C, 5% CQ). Then, the medium was removed by suction, and 6.9 mLof CHO-S-SFM-II (Invitrogen) 
medium was added. The plasmid DNA mixture solution prepared in 14-2 (total of 13.8 |mg) was mixed with 20.7 julL of 1 
img/mL Polyethylenimine (Polysciences Inc.) and 690 julL of CHO-S-SFMII medium, left to stand at room temperature for 
1 0 minutes, then the cells were seeded into each dish and incubated in a C0 2 incubator (37 °C, 5% CCy for 4-5 hours. 
Thereafter, 6.9 mL of CHO-S-SFM-II medium was added and then the cells were incubated in a C0 2 incubator for 3 

50 days. The culture supernatant was recovered, then cells were removed by centrifugation (at approximately 2000 g for 
5 minutes at room temperature), and the solution was sterilized by passing it through a 0.22 (utm filter MILLEX®-GV 
(Millipore). The sample was stored at 4°C until use. 

[0323] Next, antibodies were purified according to the method described in Example 4-4, and the antibody concentration 
was quantified according to the method described in Example 4-5 or according to the following method. Protein A was 
55 immobilized on Sensor Chip CM5 (BIACORE) using BIAcore3000 (BIACORE). More specifically, Protein A-immobilized 
sensor chip was prepared according to the manufacturer's protocol by reacting an activated sensor chip with a Protein 
A solution diluted to 50 |mg/mL with 10 mM aqueous sodium acetate solution (pH 4.0, BIACORE) at 5 imL/min for 30 
minutes, and then performing a blocking operation. This sensor chip was used to measure the concentration of the 
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culture supernatant and the purified product using BIAcore Q. HBS-EP Buffer (BIACORE) was used for the immobilization 
of the sensor chip and for the measurements of concentration. As a standard for concentration measurements, human 
lgG4 (humanized anti-TF antibody, see WO 99/51 743) diluted with HBS-EP Buffer in a two-fold dilution series up to six 
stages beginning at 2000 ng/mL was used. 

5 

14-4. Activity assessment of humanized bispecific antibodies and modification of antibody sequence 

[0324] To assess the plasma coagulation abilities of the prepared humanized bispecific antibody and the chimeric 
bispecific antibody (A69/B26/BBA), the effects of the antibodies on APTT were examined using F. VII l-deficient plasma 

10 according to the method of Example 5. A humanized bispecific antibody whose blood coagulation ability had decreased 
was subjected to amino acid modifications in the human antibody FR in order to increase its activity. During expression 
and secretion 3 types of antibodies, humanized A69/humanized BBA antibody, humanized B26/humanized BBA antibody, 
and humanized A69/humanized B26/humanized BBA bispecific antibody were expressed, these 3 types of antibodies 
were separated, and amino acid modifications that decrease the isoelectric point of the humanized A69 H chain variable 

15 region and increase the isoelectric point of the humanized B26 H chain variable region were carried out in order to purify 
the bispecific antibody alone. Specifically, mutations were introduced to the humanized antibody variable region using 
a QuikChange Site-Directed Mutagenesis Kit (Stratagene) according to the method described in the instruction manual. 
The H-chain variable region fragment-inserted plasmid and L-chain variable region fragment-inserted plasmid were 
confirmed to have the humanized antibody variable region gene sequence of interest were digested with Xhol and Sfil, 

20 and EcoRI respectively. The reaction solution was subjected to 1% agarose gel electrophoresis. DNA fragments having 
the size of interest (approximately 400 bp) were purified using QIAquick Gel Extraction Kit (QIAGEN) according to the 
method described in the instruction manual, and eluted with 30 julL of sterile water. Then, expression vectors for animal 
cells were prepared according to the method described in Example 14-2. Humanized bispecific antibody was prepared 
according to the method described in Example 14-3, and blood coagulation activity was evaluated according to the 

25 method described in Example 5. 

[0325] By repeated amino acid modifications of the FR sequence and assessment of blood coagulation ability, hu- 
manized bispecific antibody (humanized A69 (hA69-PFL)/humanized B26 (hB26-PF)/humanized BBA (hAL-AQ)) having 
the same level of activity as the chimeric bispefic antibody (A69B26BBA) was obtained (Fig. 26). Each of the antibody 
variable region sequences are indicated in the following SEQ ID NOs. 

30 

(1) humanized A69 antibody VH (hA69-PFL) SEQ ID NO: 19 (nucleotide sequence), SEQ ID NO: 20 (amino acid 
sequence) 

(2) humanized B26 antibody VH (hB26-PF) SEQ ID NO: 21 (nucleotide sequence), SEQ ID NO: 22 (amino acid 
sequence) 

35 (3) humanized BBA antibody VL (hAL-AQ) SEQ ID NO: 23 (nucleotide sequence), SEQ ID NO: 24 (amino acid 

sequence) 

[Example 15] Selection of amino acid modification positions in the constant region to improve the formation efficiency 
of a bispecific antibody 

40 

[0326] Aiming for the increase in the formation efficiency of a bispecific antibody, a heterodimer, by using charge 
repulsion, examinations were carried out by modifying amino acids present at the constant region CH3 interface. First, 
from the crystal structure of the CH3 region (Protein Data bank, PDB code 10QX), pairs of amino acids that interact 
electrostatically during CH3 homodimer formation were searched. As a result, at the interface during CH3 homodimer 

^5 formation, 3 pairs, H-chain positions 356 and 439, positions 357 and 370, and positions 399 and 409 (the numbers are 
based on the EU numbering system (Kabat EA et al. 1991. Sequences of Proteins of Immunological Interest. NIH)), 
were found to be interacting electrostatically where each of the amino acids carry a positive charge and a negative 
charge, and these were selected as the positions for modification. It was postulated that heterodimer formation would 
be promoted by a modification method that carries out a modification by switching the charge of pairs of positively and 

50 negatively charged amino acids. The principle of this regulation is described in Fig. 27. Experiments were also performed 
with modifications that simultaneously introduce disulfide bonds to the CH3 interface. The positions of the modified 
amino acids are summarized in Table 1. 

[Example 16] Amino acid modifications at the interface of humanized bispecific antibody constant region CH3 

55 

[0327] To modify the amino acids at the H-chain constant region CH3 interface selected in Example 15, the following 
operation was performed. Each H-chain constant region was amplified by PCR using the human lgG1 and human lgG4 
H-chain constant region genes as templates and using a 5'-end primer designed so that the nucleotide sequence encoding 
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two amino acids (Ala-Ser) in the N-terminal side of the H-chain constant region will be an Nhel recognition sequence 
(GCTAGC) and a primer that anneals to the 3'-end and that carries a Notl recognizing site. Then, pBCH (comprising an 
lgG1 constant region gene) and pBCH4 (lgG4 comprising a constant region gene) linked to a vector prepared by digesting 
pBluescriptKS+ vector (TOYOBO) with Nhel and Not I (both from TaKaRa) were prepared. PCR was performed using 
a primer that is complementary to the 5'-end nucleotide sequence of the H-chain variable region of the humanized A69 
antibody and humanized B26 antibody and that has a Kozak sequence (CCACC) and an EcoRI recognition sequence, 
and a primer on the 3'-end nucleotide sequence having an Nhel recognition sequence, and the obtained PCR products 
were inserted into pBCH or pBCH4 digested with EcoRI and Nhel (both from TaKaRa) and the variable regions and the 
constant regions were linked. Next, to modify amino acids present atthe H-chain constant region CH3 interface, mutations 
were introduced to the H-chain constant regions using QuikChange Site-Directed Mutagenesis Kit (Stratagene) according 
to the method described in the instruction manual. The H-chain gene fragment-inserted plasmid was confirmed to have 
the H-chain constant region gene sequence of interest and then was digested with EcoRI and Notl (both from TaKaRa). 
The reaction solution was subjected to 1% agarose gel electrophoresis. H-chain gene fragments having the size of 
interest (approximately 1400 bp) were purified using QIAquick Gel Extraction Kit (QIAGEN) according to the method 
described in the instruction manual, and eluted with 30 julL of sterile water. Then, the fragments were inserted into 
pCAGGS digested with EcoRI and Notl to prepare expression plasmids. Preparation of humanized bispecific antibodies 
was performed following the method described in Example 14-3. The positions of modified amino acids are summarized 
in Table 1. The EU numbering system (Kabat EA et al. 1991. Sequences of Proteins of Immunological Interest. NIH) 
was employed for the numbers of the modified positions shown in Table 1 . The alphabet in front of the number of the 
modified position is the one-letter code representation for the amino acid before modification, and the alphabet after the 
number indicates the one letter code representation of the amino acid after modification. 



Table 1 





Name 


Humanized A69 antibody H-chain constant region 


Humanized A26 antibody H-chain constant region 






Modified position 


SEO ID NO 

of the amino acid 


Modified position 


SEQ ID NO 

of the amino acid 




wild type 




25 




25 




KiH 


Y349C.T366W 


9 


E356CT366S, L368A.Y407V 


11 




s1 


R409D 


26 


D399K 


27 




s2 


K370E 


28 


E357K 


29 




S3 


K439E 


30 


E356K 


31 




w1 


R409D.K370E 


32 


D399K.E357K 


33 


C5 
cn 


w2 


R409D.K439E 


34 


D399K.E356K 


35 




w3 


K370E.K439E 


36 


E357K.E356K 


37 




S1C 


R409D.Y349C 


38 


D399K.S354C 


39 




s2C 


K370E,Y349C 


40 


E357K.S354C 


41 




s3C 


K439E,Y349C 


42 


E356K.S354C 


43 




w3C 


K370E.K439E.Y349C 


44 


E357K.E356K.S354C 


45 




w3C2 


K370E.K439E.S354C 


46 


E357K.E356K.Y349C 


47 




wild type 




48 




48 




KiH 


Y349C.T366W 


49 


D356C,T366S,L368A,Y407V 


50 


O 

cn 


w1 


R409D.K370E 


51 


D399K.E357K 


52 




w2 


R409D.K439E 


53 


D399K.E356K 


54 




w3 


K370E,K439E 


55 


E357K.E356K 


56 



[0328] In the Table shown above, KiH indicates the variant described in Non-Patent Document 3 prepared using the 
Knobs-into-holes technique. 

[Example 17] Assessment of formation efficiency and stability of the CH3 interface-modified bispecific antibodies 
(lgG4-type) 

[0329] lgG4-type wild type, KiH, s1, s2, s3, w1, w2, w3, s1C, s2C, s3C, w3C, and w3C2 were analyzed by cation 
exchange chromatography (I EX), and the formation efficiency of bispecific antibody (hereinafter referred to as BiAb) 
was evaluated. The conditions for the cation exchange chromatographic analysis were as follows, and the ratio of the 
peak areas of A-Homo, a homodimer of humanized A69 antibody, BiAb, a heterodimer of humanized A69 antibody and 
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humanized B26 antibody, and B-Homo, a homodimer of humanized B26 antibody were calculated. 

Column: ProPac WCX-1 0, 4 x 250 nm, (Dionex) 
Mobile phase: A: 10 mmol/L NaH 2 P0 4 /Na 2 HP0 4 , pH6.25 
5 B: 10 mmol/L NaH 2 P0 4 /Na 2 HP0 4 , 500 mmol/L NaCI, pH6.25 

Flow rate: 1.0 mL/min 

Gradient: 10% B (5 min) -> (40 min) --> 60%B --> (5 min) --> 100% B (5 min) 
Detection: 220 nm 

10 [0330] For Wild type, KiH, s2, s3, s1C, s2C, s3C, w3C, andw3C2, BiAbs were purified by collecting BiAb peak fractions 
from the I EX analyses described above. The BiAb fractions were concentrated using Amicon Ultra, MWCO 10000 
(Millipore), then dialyzed overnight against 20 mM sodium acetate, 1 50 mM NaCI, pH6.0 while cooling, and then recov- 
ered. BiAb concentrations were made uniform at 0.1 mg/mL, initial samples and samples at 60 °C for one week (60 °C- 
1 week) were individually dispensed into vials in duplicates, and stability tests were performed on the 60°C-1 week 

15 samples. Gel filtration chromatographic (SEC) analysis was performed, and the rate of recovery of the monomer peak 
was calculated (60°C-1 week sample monomer peak area / initial sample monomer peak area x 100). Conditions for 
the gel filtration chromatographic analyses were as follows: 

Column: Super3000 (TOSOH) 
20 Mobile phase: 50 mM sodium phosphate, 300 mM KCI, pH7.0 

Flow rate: 0.2 mL/min 
Detection: 220 nm 

[0331 ] The I EX chromatograms of the lgG4-type wild type, s1 , s2, s3, and w1 are shown in Fig. 28, and the percentages 

25 of formation ofA-Homo, BiAb, and B-Homo by the wild type, KiH, s1 , s2, s3, w1 , w2, w3, s1 C, s2C, s3C, w3C, and w3C2 
are shown in Fig. 29. The monomer recovery rates after 60 °C for one week are shown in Fig. 30. 
[0332] As shown in Figs. 28 and 29, efficiency of the intended BiAb formation improved greatly as compared to the 
wild type for every one of the CH3 interface-modified variants found in the present Example. Since CH3 is in the constant 
region, when making modifications to the native amino acids, the modified positions are desirably kept to minimum from 

30 the viewpoint of antigenicity. For introduction of knobs and holes, in KiH, a total of four positions in the both H chains 
are modified and in addition two positions are modified for disulfide bond introduction, and a total of six positions are 
modified. Therefore, as shown in Fig. 29, the efficiency of BiAb formation is high. However, the results of stability tests 
shown in Fig. 30 shows that thermal stability is significantly lowered compared to the wild type even though a disulfide 
bond is introduced. To develop antibodies into medical pharmaceuticals, stable formulations are necessary and thus, a 

35 higher thermal stability is more desirable. 

[0333] On the other hand, every one of the CH3 interface-modified variants found in the present Example was suc- 
cessful in greatly improving the efficiency of the intended BiAb formation as compared to the wild type. Among these 
variants, for example, high BiAb formation efficiency of 90% or more was achieved by modification of s2, s3, w1, w2, 
w3, and s1 C at a total of two or four positions which is fewer compared to KiH (six modified positions), which the risk of 

40 antigenicity is considered to be low. Furthermore, the results of stability tests shown in Fig. 30 showed that among the 
variants, for example, s2, s3, w3, w3C, and w3C2 have high BiAb formation efficiency of 90% or more and also have 
higher thermal stability (higher percentage of monomer recovery) than KiH, and s3, s2c, s3C, w3C, and w3C2 have 
much higher thermal stability than the wild type, and they will be useful for developing stable pharmaceutical formulations. 
[0334] The present Example demonstrated that by modifying the amino acids at H-chain positions 356, 357, 370, 399, 

45 409, and 439 in the CH3 interface to introduce charge-induced molecular repulsion, efficiency of the intended BiAb 
formation could be greatly improved. It also showed that by introducing disulfide bonds and such modifications individually 
or in combination, BiAb formation efficiency could be greatly improved with fewer modifications than in KiH, and that 
BiAb formation efficiency could be greatly improved with higher stability than in KiH, and even more with a higher thermal 
stability than in the wild type. 

50 

[Example 18] Coagulation activity assessment of CH3 interface-modified bispecific antibodies 

[0335] Coagulation activity was assessed according to the method described in Example 5, using CH3 interface- 
modified lgG4-type bispecific antibodies (s1 , s2, s3, w1 , w2, and w3) purified in Example 1 6. As shown in Fig. 31 , since 
55 coagulation activity did not change even when the amino acids at the constant region CH3 interface was modified, 
modification of CH3 interface amino acids were shown not to affect the structure of the variable regions involved in 
reacting with the antigens. 
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[Example 19] Assessment of the formation efficiency of CH3 interface-modified bispecific antibodies (lgG1-type) 

[0336] lgG1 -type wild type, KiH, w1 , w2, and w3 were analyzed by cation exchange chromatography (I EX), and BiAb 
formation efficiency was evaluated. The conditions of the cation exchange chromatographic analysis are as follows, and 
the ratio of the peak areas of A-Homo, a homodimer of humanized A69 antibody, BiAb, a heterodimer of humanized 
A69 antibody and humanized B26 antibody, and B-Homo, a homodimer of humanized B26 antibody were calculated. 

Column: ProPac WCX-1 0, 4 x 250 nm, (Dionex) 
Mobile phase: A: 10 mmol/L NaH 2 P0 4 /Na 2 HP0 4 , pH6.25 
B: 10 mmol/L NaH 2 P0 4 /Na 2 HP0 4 , 500 mmol/L NaCI, pH6.25 
Flow rate: 1.0 mL/min 

Gradient: 10% B (5 min) --> (40 min) --> 60%B --> (5 min) --> 100% B (5 min) 
Detection: 220 nm 

[0337] The percentages of formation ofA-Homo, BiAb, and B-Homo by the lgG1 -type wild type, KiH, w1 , w2, and w3 
are shown in Fig. 32. Alike lgG4-type, the efficiency of the intended BiAb formation greatly improved in every one of 
them as compared to the wild type. As in the lgG4-types, high BiAb formation efficiency of 90% or more was achieved 
by modification at four positions, which is less than that of KiH, and the risk of antigenicity is considered to be small. The 
present Example showed that the method of modifying the amino acids at H-chain positions 356, 357, 370, 399, 409, 
and 439 in the CH3 interface can be applied not only to antibody constant region subclass lgG4, but also to the lgG1 , 
and is applicable to IgG antibodies in general. 

Industrial Applicability 

[0338] In that the present invention requires only a small number of amino acid substitutions, the methods of the 
present invention find exceptional utility in regulating association without changing the structure and function (activity) 
of the original polypeptides. Thus, there is little effect on antigenicity. Accordingly, bispecific antibodies that actually 
maintain activity can be obtained efficiently by following the methods of the present invention. 



Claims 

1 . A method for producing a polypeptide comprising a mutation in an amino acid residue forming a polypeptide interface 
such that polypeptide association will be regulated, wherein the method comprises: 

(a) modifying a nucleic acid encoding an amino acid residue forming the polypeptide interface from the original 
nucleic acid, such that polypeptide association will be inhibited; 

(b) culturing host cells such that said nucleic acid is expressed; and 

(c) recovering said polypeptide from the host cell culture. 

2. A method for producing a heteromultimer comprising a mutation in an amino acid residue forming an interface 
between polypeptides such that heteromultimer association will be regulated, wherein the method comprises: 

(a) modifying a nucleic acid encoding an amino acid residue forming the interface between polypeptides from 
the original nucleic acid, such that the association between polypeptides will be inhibited; 

(b) culturing host cells such that said nucleic acid is expressed; and 

(c) recovering said heteromultimer from the host cell culture. 

3. The method of claim 1, wherein a nucleic acid encoding an amino acid residue forming a polypeptide interface is 
modified from the original nucleic acid, so that the polypeptide association forming one or more types of conforma- 
tional isomers will be inhibited in a polypeptide that may form two or more types of conformational isomers. 

4. The method of claim 2, wherein a nucleic acid encoding an amino acid residue forming an interface between 
polypeptides is modified from the original nucleic acid, so that the association between polypeptides forming one 
or more types of multimers will be inhibited in a heteromultimer that may form two or more types of multimers. 

5. The method of claim 1 or 2, wherein the modification of step (a) is modifying the original nucleic acid so that an 
amino acid residue mutation is introduced to the interface such that two or more amino acid residues forming the 
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interface will carry the same type of charge. 

6. The method of claim 5, wherein the introduced amino acid residue is glutamic acid (E). 

7. The method of claim 5, wherein the introduced amino acid residue is aspartic acid (D). 

8. The method of claim 5, wherein the introduced amino acid residue is lysine (K). 

9. The method of claim 5, wherein the introduced amino acid residue is arginine (R). 

10. The method of claim 5, wherein the introduced amino acid residue is histidine (H). 

11. The method of claim 1 or 2, wherein the modification of step (a) is modifying the original nucleic acid so that an 
amino acid residue mutation is introduced to the interface such that an amino acid residue forming a hydrophobic 
core present in the interface will become charged amino acid residues. 

12. The method of claim 1 1 , wherein the introduced amino acid residue is glutamic acid (E). 

13. The method of claim 1 1 , wherein the introduced amino acid residue is aspartic acid (D). 

14. The method of claim 1 1 , wherein the introduced amino acid residue is lysine (K). 

15. The method of claim 1 1 , wherein the introduced amino acid residue is arginine (R). 

16. The method of claim 1 1 , wherein the introduced amino acid residue is histidine (H). 

17. The method of claim 1 or 2, wherein the interface of the polypeptide is formed by an antibody heavy chain variable 
region and light chain variable region. 

1 8. The method of claim 1 or 2, wherein the polypeptide interface is formed by two or more types of heavy chain variable 
regions. 

19. The method of claim 1 or 2, wherein the polypeptide interface is formed by an antibody heavy chain constant region 
and light chain constant region. 

20. The method of claim 1 or 2, wherein the polypeptide interface is formed by two or more types of heavy chain constant 
regions. 

21. The method of claim 1, wherein the polypeptide is a single chain polypeptide in which two or more heavy chain 
variable regions and two or more light chain variable regions are linked by linkers. 

22. The method of claim 2, wherein the heteromultimer is a multi-specific antibody comprising two or more types of 
heavy chain variable regions and two or more types of light chain variable regions. 

23. The method of claim 22, wherein the heteromultimer is a bispecific antibody. 

24. A mutant polypeptide or heteromultimer produced by the method of claim 1 or 2. 

25. A mutant polypeptide, comprising a modification made to an amino acid residue forming an interface in the original 
polypeptide such that the association within said polypeptide is inhibited. 

26. A heteromultimer, comprising a modification made to an amino acid residue forming an interface between the original 
polypeptides such that the association between said polypeptides is inhibited. 

27. The mutant polypeptide of claim 25, wherein the original polypeptide may form two or more types of conformational 
isomers. 

28. The heteromultimer of claim 26, wherein the original polypeptides may form two or more types of multimers. 
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29. The mutant polypeptide of claim 25 or the heteromultimer of claim 26, wherein said modification of the amino acid 
residues forming a polypeptide interface is introducing an amino acid residue mutation to the interface such that 
two or more amino acid residues forming the interface will carry the same type of charge. 

30. The mutant polypeptide or heteromultimer of claim 29, wherein the introduced amino acid residue is glutamic acid (E). 

31 . The mutant polypeptide or heteromultimer of claim 29, wherein the introduced amino acid residue is aspartic acid (D). 

32. The mutant polypeptide or heteromultimer of claim 29, wherein the introduced amino acid residue is lysine (K). 

33. The mutant polypeptide or heteromultimer of claim 29, wherein the introduced amino acid residue is arginine (R). 

34. The mutant polypeptide or heteromultimer of claim 29, wherein the introduced amino acid residue is histidine (H). 

35. The mutant polypeptide of claim 25 or the heteromultimer of claim 26, wherein the modification of amino acid residues 
forming the polypeptide interface is introducing an amino acid residue mutation to the interface such that an amino 
acid residue forming a hydrophobic core present in the interface will become charged amino acid residues. 

36. The mutant polypeptide or heteromultimer of claim 35, wherein the introduced amino acid residue is glutamic acid (E). 

37. The mutant polypeptide or heteromultimer of claim 35, wherein the introduced amino acid residue is aspartic acid (D). 

38. The mutant polypeptide or heteromultimer of claim 35, wherein the introduced amino acid residue is lysine (K). 

39. The mutant polypeptide or heteromultimer of claim 35, wherein the introduced amino acid residue is arginine (R). 

40. The mutant polypeptide or heteromultimer of claim 35, wherein the introduced amino acid residue is histidine (H). 

41. The mutant polypeptide of claim 25 or the heteromultimer of claim 26, wherein the polypeptide interface is formed 
by an antibody heavy chain variable region and light chain variable region. 

42. The mutant polypeptide of claim 25 or the heteromultimer of claim 26, wherein the polypeptide interface is formed 
by two or more types of heavy chain variable regions. 

43. The mutant polypeptide of claim 25 or the heteromultimer of claim 26, wherein the polypeptide interface is formed 
by an antibody heavy chain constant region and light chain constant region. 

44. The mutant polypeptide of claim 25 or the heteromultimer of claim 26, wherein the polypeptide interface is formed 
by two of more types of heavy chain constant regions. 

45. The mutant polypeptide of claim 25, wherein the polypeptide is a single chain polypeptide in which two or more 
heavy chain variable regions and two or more light chain variable regions are linked by linkers. 

46. The heteromultimer of claim 26, wherein the heteromultimer is a multispecific antibody comprising two or more types 
of heavy chain variable regions and two or more types of light chain variable regions. 

47. The heteromultimer of claim 46, wherein the heteromultimer is a bispecific antibody. 

48. A composition comprising the mutant polypeptide of claim 25 or the heteromultimer of claim 26, and a pharmaceu- 
tically acceptable carrier. 

49. A nucleic acid encoding the mutant polypeptide of claim 25 or the heteromultimer of claim 26. 

50. A host cell comprising the nucleic acid of claim 49. 

51. A method for producing the mutant polypeptide of claim 25 or the heteromultimer of claim 26, which comprises the 
steps of culturing the host cell of claim 50, and recovering the polypeptide from the cell culture. 
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52. A method for regulating polypeptide association, which comprises modifying an amino acid residue forming an 
interface in the original polypeptide such that the association within the polypeptide is inhibited. 

53. A method for regulating heteromultimer association, which comprises modifying amino acid residues forming an 
interface between the original polypeptides such that the association between the polypeptides is inhibited. 

54. The method of claim 52, which comprises modifying an amino acid residue forming an interface in a polypeptide, 
such that the association of a polypeptide forming one or more types of conformational isomers will be inhibited in 
a polypeptide that may form two or more types of conformational isomers. 

55. The method of claim 53, which comprises modifying amino acid residues forming an interface between polypeptides, 
such that the association between polypeptides that form one or more types of conformational isomers will be 
inhibited in a heteromultimer that may form two or more types of multimers. 

56. The method of claim 52 or 53, wherein said modification of an amino acid residue forming a polypeptide interface 
is introducing an amino acid residue mutation to the interface such that two or more amino acid residues forming 
the interface will have the same type of charge. 

57. The method of claim 56, wherein the introduced amino acid residue is glutamic acid (E). 

58. The method of claim 56, wherein the introduced amino acid residue is aspartic acid (D). 

59. The method of claim 56, wherein the introduced amino acid residue is lysine (K). 

60. The method of claim 56, wherein the introduced amino acid residue is arginine (R). 

61. The method of claim 56, wherein the introduced amino acid residue is histidine (H). 

62. The method of claim 52 or 53, wherein said modification of amino acid residues forming a polypeptide interface is 
introducing an amino acid residue mutation to the interface such that an amino acid residue forming a hydrophobic 
core present in the interface will become charged amino acid residues. 

63. The method of claim 62, wherein the introduced amino acid residue is glutamic acid (E). 

64. The method of claim 62, wherein the introduced amino acid residue is aspartic acid (D). 

65. The method of claim 62, wherein the introduced amino acid residue is lysine (K). 

66. The method of claim 62, wherein the introduced amino acid residue is arginine (R). 

67. The method of claim 62, wherein the introduced amino acid residue is histidine (H). 

68. The method of claim 52 or 53, wherein the polypeptide interface is formed by an antibody heavy chain variable 
region and light chain variable region. 

69. The method of claim 52 or 53, wherein the polypeptide interface is formed by two or more types of heavy chain 
variable regions. 

70. The method of claim 52 or 53, wherein the polypeptide interface is formed by an antibody heavy chain constant 
region and light chain constant region. 

71. The method of claim 52 or 53, wherein the polypeptide interface is formed by two or more types of heavy chain 
constant regions. 

72. The method of claim 52, wherein the polypeptide is a single chain polypeptide in which two or more heavy chain 
variable regions and two or more light chain variable regions are linked by linkers. 

73. The method of claim 53, wherein the heteromultimer is a multispecific antibody comprising two types or more of 
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heavy chain variable regions and two types or more of light chain variable regions. 

74. The method of claim 73, wherein the heteromultimer is a bispecific antibody. 

5 75. An antibody comprising a heavy chain variable region and a light chain variable region, wherein the following amino 
acid residues of (1 ) and (2) carry the same type of charge: 

(1) an amino acid residue which is included in the heavy chain variable region and corresponds to position 39 
in the amino acid sequence of SEQ ID NO: 6; and 
10 (2) an amino acid residue which is included in the light chain variable region and corresponds to position 44 in 

the amino acid sequence of SEQ ID NO: 8. 

76. An antibody comprising a heavy chain variable region and a light chain variable region, wherein the following amino 
acid residues of (1 ) and (2) carry the same type of charge: 

15 

(1) an amino acid residue which is included in the heavy chain variable region and corresponds to position 45 
in the amino acid sequence of SEQ ID NO: 6; and 

(2) an amino acid residue which is included in the light chain variable region and corresponds to position 50 in 
the amino acid sequence of SEQ ID NO: 8. 

20 

77. An antibody comprising a heavy chain variable region and a light chain variable region, wherein either one of the 
following amino acid residues of (1) or (2) is a charged amino acid residue: 

(1) an amino acid residue which is included in the heavy chain variable region and corresponds to position 45 
25 in the amino acid sequence of SEQ ID NO: 6; and 

(2) an amino acid residue which is included in the light chain variable region and corresponds to position 50 in 
the amino acid sequence of SEQ ID NO: 8. 

78. The antibody of claim 75 or 76, wherein amino acid residues carrying the same type of charge are selected from 
30 amino acid residues included in the group of either (a) or (b): 

(a) glutamic acid (E) and aspartic acid (D); or 

(b) lysine (K), arginine (R), and histidine (H). 

35 79. The antibody of claim 77, wherein said charged amino acid residue is glutamic acid (E), aspartic acid (D), lysine 
(K), arginine (R), or histidine (H). 

80. The antibody of any one of claims 75 to 77, wherein the polypeptide is a single chain polypeptide in which two or 
more heavy chain variable regions and two or more light chain variable regions are linked by linkers. 

40 

81. The antibody of any one of claims 75 to 77, wherein the polypeptide is a multispecific antibody comprising two or 
more types of heavy chain variable regions and two or more types of light chain variable regions. 

82. The antibody of claim 81 , wherein the polypeptide is a bispecific antibody. 

45 

83. A composition comprising the antibody of any one of claims 75 to 77 and a pharmaceutically acceptable carrier. 

84. A nucleic acid encoding a polypeptide constituting the antibody of any one of claims 75 to 77. 

50 85. A host cell comprising the nucleic acid of claim 84. 

86. The method for producing the antibodies of any one of claims 75 to 77, which comprises the steps of culturing the 
host cell of claim 85 and recovering the polypeptides from the cell culture. 

55 87. An antibody comprising two or more types of heavy chain CH3 regions, wherein one to three pair(s) of amino acid 
residues in the first heavy chain CH3 region is/are selected from the pair(s) of amino acid residues indicated in (1) 
to (3) that carry the same type of charge: 
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(1) amino acid residues included in the heavy chain CH3 region at positions 356 and 439 according to the EU 
numbering system; 

(2) amino acid residues included in the heavy chain CH3 region at positions 357 and 370 according to the EU 
numbering system; and 

(3) amino acid residues included in the heavy chain CH3 region at positions 399 and 409 according to the EU 
numbering system. 

88. The antibody of claim 87, in which pairs of the amino acid residues in the second heavy chain CH3 region are 
selected from the pairs of amino acid residues of (1) to (3), wherein the one to three pairs of amino acid residues 
corresponding to the pairs of amino acid residues of (1 ) to (3) carrying the same type of charge in said first heavy 
chain CH3 region, carry opposite charges from the corresponding amino acid residues in said first heavy chain CH3 
region. 

89. The antibody of claim 87, wherein said amino acid residues carrying the same type of charge are selected from the 
amino acid residues included in the group of either (a) or (b): 

(a) glutamic acid (E) and aspartic acid (D); or 

(b) lysine (K), arginine (R), and histidine (H). 

90. The antibody of claim 87, wherein said first heavy chain CH3 region and the second heavy chain CH3 region are 
crosslinked by a disulfide bond. 

91. The antibody of claim 87, wherein the antibody comprises two or more types of heavy chain constant regions. 

92. The antibody of claim 87, wherein the multispecific antibody comprises two or more types of heavy chain variable 
regions and two or more types of light chain variable regions. 

93. The antibody of claim 92, which is a bispecific antibody. 

94. A composition comprising the antibody of claim 87 and a pharmaceutical^ acceptable carrier. 

95. A nucleic acid encoding a polypeptide constituting the antibody of claim 87. 

96. A host cell comprising the nucleic acid of claim 95. 

97. A method for producing the antibody of claim 87, which comprises the steps of culturing the host cell of claim 96, 
and recovering the polypeptides from the cell culture. 
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FIG. 2 
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FIG. 3 




1 10 
Antibody concentration (//g/mL) 



Wild type: XB12-H chain (Q), XB12-L chain (Q), 
SB04-H chain (Q), SB04-L chain (Q) 

A — D variant XB12-H chain (D), XB12-L chain (Q), 
SB04-H chain (Q), SB04-L chain (D) 

E variant: XB12-H chain (E), XB12-L chain (Q), 
SB04-H chain (Q), SB04-L chain (E) 



-B— R variant: XB12-H chain (R). XB12-L chain (Q), 
SB04-H chain (Q), SB04-L chain (R) 



K variant XB12-H chain (K), XB12-L chain (Q), 
SB04-H chain (Q), SB04-L chain (K) 
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FIG. 4 
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FIG. 8 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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FIG. 15 
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FIG. 16 
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FIG. 17 
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FIG. 18 
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FIG. 19 
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FIG. 20 



<V > «P 

:v#° <f ^ ^ 
^ <f <f ^f^csf 



> 





I". 
» 

I' 

j 

y . 

1"-. 




\ * 



. . • . 
- - .3.. 



' :*. 



70 



EP 1 870 459 A1 



FIG. 21 
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FIG. 23 
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FIG. 24 
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FIG. 25 
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FIG. 28 
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FIG. 29 
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FIG. 30 
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FIG. 32 
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